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IWoT, 10 

AaaEm^fid^jro-tn-enpfis-r* 2 r/ 2 ?iifc, 3 few 

[3ff*H2] ntr41«»4S©«:mtt. R (*) , G 
(iff) . B (») «)ffl:>t«:T*-5c:i&1*«i-rsM* 20 
m 1 

ft -5 S Jtff «" «^ Sfli WT a * 05 mi gB'ffi 7-» Hi * ^ 
ro«ij-:Eiijn*i&jfiJE<ELTtiar<i:*«f«t-ra3»*wi 

&S. 

®j«Ts«»fa«>«>E#:7&*rtBf{:»*anfciiiflk3j^iii 

T*oT, 40 
-T * 2 fr 2 W', 3 fiOTm^ch iiflHiiX ^— *f £ Vtf&T 

wM/hmfiiisi^ £.-? & z. t zttmt-rz mmM^-Jim. 
[smm7] mm&&o%cyemt. r <ao . o 
(») , b (#) ©ffl^T^-s^tswat-r-sad* 



ft -5 fflcittft: \z m-f- * RWT £ * <0 ffi itd « T-ft tti sdT-^ 

n rtttih m^x-fr s n t t -r * mum 6 kai*© 

[0 0 0 1 ] 

[KWO«rsiSW»IF] *52Wi, Wlft^p^jti^ 
©-SIS. *i«fi»fl*fii[Hi*f^«:IH*A5 

10 0 0 21 

A<a&ntK5 (^¥2- 2 9 9 1 3 6^^) . 

[0003] z\(Dmm&^mm.tz, smGrnmnT-tstin 

0 0 1 ±('^^fef+i^7-3 0 0 5 CIS 3 0 0 2. 3 0 

o 3 tm&mmzMtii2tifcm mih?$3 o o 4^e>& 

S) **f^«3n. ^««3 0 0 1 iftftLTSBBSttS 
7I-X7V h 3 0 1 (Hi, ^7XS3 0 0 7©rtl 
Hm?ttS3 0 0 S^M^ntV^. ffiftiSi3 0 0 8 

M3 0 1 2W7XS3 0 0 7 KiCA°^-->^^n 
It®.. 7'77^Xh7l'7"3 0 1 1 i^r^ 3 0 1 2 CD 
Z^lZ*? )lrty 9 3 0 0 9/j^iiS;$nT, 

[0 0 0 4] ~Jv 7^XF 7-f 7%*Hgl"t6ti?) BWti, 
# 7 — ffi # ffi -r ^2? t -5 <D . 3 

0 1 2W«)!fet)i>»tW*«<-r*31fCiKfi^*HS:!li: 
7i<-r-5^<t:i. ^OCifif 3 0 0 8 T^SrMWT-S C t 

So 

[0 0 0 5] Sfc. ^MA'yi'3 0 0 9ffi|Jll5tt, Jt 
Mf/i^, --mz. 1 0 1 0~1 0 1 2Q-cmtiSSt^ 
3tfr3 0 1 2(im^ (IT) **«*0itt(3[*iilST-r«^ 

1 * pa" £\ m 7- b* - is hmm <d * j±: * fp j> q -r 5 fz $> <n m 

«)Jt*«[iiiJ5t**-r* c i tc «t 0 WiS'*ffii±i -a-s c: i, 
^-f 5f>©tf55tc:J;sy^ — vA^oo^^S 012© 
^3S^*s^0. hpBriW(rMbfcWi(Gf<hLTiffi#A 1 rt* 

[0 0 0 6] 3 0 0 9fi, 7"777Xh5 

-f 7" 3 0 1 1 0 1 2CD/-?^ — >BJ5E^, 
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301 i t'&ytfc's o i 2±tcirnrr&) om. a i <d 
[0007] sfc, n^Mftm^s o o 5*^jBS$nfc 

S&3 0 0 1 ty x-X7>- h 3 0 1 0 £\ 5 

0 0 6^»flafiaiR3nTV^o 
[0 0 0 8] £ft* ^W-tt^tt, W-\ftiM<Dmifk&7Ki& 10 

teCOV^TSisebT^^o [*I 3 tia4(Cft*flg^:BlSr>-j< 

[0009] mAomm^mLfty jl—7,^u— b\z$5 

^T, X^— 9*^^3 0 1 3 lZ)£ft:2>**)Wy ? 3 

/\°^-->y$nT*50, ^^^^xh^i'yao i i 

[0 0 10] MS^^-rct^tC, 77^^7h7^7°3 
0 1 lti»«ft<OT, X^Sm^77^Xh7 20 
-f 73 0 1 1 tC^^T, «ttfc»j£;£nSo x^ 
3 0 0 6 (04) t>, ^7y?Xh7^f/30 1 1 

[001 1 ] X^— 9" 3 0 0 6 £>H5£tt, K»«cOX^ 
— tf*fr?»3 0 1 3l:fi^T7'J y h^7X3 0 1 4£ 

1^3 0 0 6 & 4 1 OtfCTl 0 £r«±#6 

[00 12] X7V-^t:J;0, *?)W*yi? 30 

3009 o o smmwi^mm^tzmmz 

n%J:o, S'ii3 0 15^Ml^ o 
[oo i 3] ahf-ckD, X^-ltiiXx-XXV- h 

Lf^< <-r^^<h*«T€?fco £.tt* X^— 1t3 0 0 6cO 

X^— 9*3 0 0 6A*X^— U-£*f3 0 1 7<^*dSt- 
¥*«1?feBI3 0 1 6*«JBKLT*JE«S4aS«fr««Ftr, 40 
X^— *3 0 0 6 i7x-Xyi/- hW(Uc7)^;l//^y 
47 3 0 0 9 ^<7)«aW»iM!^»«LTl^fc*, 

[0 0 14] C^T, fB74fcftl3fi-7 3 0 0 BtLTffl^ 

m m 7- <t p# a n & 'i 7 n tH 31 -7 <z> - - -d t? & & 0 z. <d 5 % 

T^5c 50 



[0 0 1 5] FRWWtLTH fctAtl W.P.Dyke 
SW.W.Dolan, "Field emission" .Advance in Electron 

Physics, 8, 89 (1956)^, C.A.Spindt, "P 

hysical properties of thin-film field emiss ioncath 
odes with molybdenum cones" , J. Appl . Phys. , 47,524 
8(1976)^^^ienTV^ 0 

[0 0 16] Sfc, MIMi^MtlTIl fc<t^.tf, 
C. A. Mead, "Opcrat ionof tunnel-emission Devices" , 
J. Appl. Phys. , 32,646(1960^i:^6nT^^ o 

[0 0 17] XiflfeW«ttW*T-tLT«, fci: 

Ati, M. I.K1 inson, Radio Eng.Elcctron Phys. , 10, 1 
290, (1 965)^, W&~t&{&<Dm$m%tlT^^<> 

[0 0 18] *BSfCWS!iftlll*7-tt, XKiKMSn 

<S«fi]RW*7-i:bXtt masxu >v>*fci^Sn 
C)2 ^IM^ffl^fefcco^ffitc, Au»BStJ:Sfeco[G.D 
ittmcr: "Thin Solid Films" ,9,317(1972)]^, I n2 
03 /Sn02 »K(C«t§t>(^[M.Hartwcll and C.G.Fo 
nstad: "IEEE Trans. EDConf. " , 519(1975)] # 
>Mmz£2>h<D S2 6t, SB 1 

H> 22 (1983)] ^«»SnTV^. 

[0019] rn^co^ffie*^^aj*T^^7«^co 

ftSto&#]£:LT, feS 5 K:ffiSE<BM.Hartwell %\Z£Z>m 
T-tnW-WW&tfiTo mniZ&^T, 3 0 2 0 

3021 w^/^^^T»j«snfc^«atft*j;Otta?» 

*tt»JH"C*^ 0 WBtt»J8 3 0 2 1 ttH/j<<7)<t'5{3H 

i \zw&omM7*—^>ytm£n&m^w%m.'t 

^tfcJcO, SfSM3 0 2 2»^n^o m^<D 
PiBIHLtt, 0. 5-1 [mm] , Wtt, 0. 1 [mm] 

0 2 2 tt^f-fe&JKS 0 2 1 C0ff^tr»i^(^^^T>KL 
[0 0 2 0] M. Ilartwel 1 Sfr<t Srtti; 

^ it, tm<D&m&&mtiti\m^iz*d\,*T\z* 

AfcLH Srfr -5 SJf «1*5»/BI 3 0 2 l \zm , &7*-$>tf 
tO¥«n*iS«ffla*]«T^<t^ctO«7-«Ulffi3 0 2 

-5>^i:tt, fflTStJWBffiMia 3 0 2 1 coffiSK— Xi£CD 
ffir^^m, feL<«, Wz-lXl v/^SSco^tctsD^ 

WflBltWHRS 0 2 1 £fMWK«i^L<te«fe 

3 0 2 2 ^Mn:iT^I>o 

[002 li m % mffimzmm*>is<&&i& , bL<i*m 

maaii«7*-s y^mzm-mmm's 02 wzm 
^(DnjT.^wmLfzm^izi^ mm^mnmz^xm 
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[0 0 2 2] 

*^Jic*^Ttt. CRT^tCTJiKJIJ^SftSX h7-f 

»« t Bff tW£3B 2 ftfz y x - X -J V- V tfi fiSjtfT 
K&t^Ttt, X^— y-^iii^3</Kififi*i(CBy:/i7i<-r-5 

tt, iifeX^— th^*3&-f &SB»©:/^-y^X h 
7 ^ 7* * & < * & * * fl^ lc :/ 5^ £ x 

h 5"f -7°<73liB«r^A-g> <hi!iBf±#?ff KB >'Z^>fc#>. X^ 

% 9 *S<T3fcV>fc*, ft Kg 

[0 0 2 4] #5BiM«, ±Et8*WfcK*-TfeSnfc>b 

©T. X^— ^S:^-r-5^-BSi!J©iii#^*^af[C*3^ 

t, ■mT-mmm-f-^m^m\z^m\z'Mm^x% man 

[0 0 2 5] 

[»H*#tfcT*fci&0>-:pg*] ±aaBtt*J&i!c-rs;t 30 
MS. EP"^, »«±C«»©K>»«tf^«fflJl^7-S« 
ro?ftlSS«rP&Ul*-7-*^ttUianfc*7-«)!l9l**Stt 

•5*:i6©1g&©X^-— 9" t Zffix. -5 PH£3?>i<^KT<fc o 

Ptt-r* 2 2mz, afe^s^imfsBx^— y-ss 

[0 0 2 6] 5JiJ©fgWi. h»C««wmHfffi 

#:^rtM{'m*$ti7tian^!3<7Kfif*^r-rs7x-x7'u 50 



£ © Sf* 1$ a & jf> ©$$: « x ^- +»- 1 x- a m 
&n*$im\z&tf?>wvk&7KjjtiiT'$>-oT* mum&n 

Kwmw. mmM^-^jjmzm^rci-f fc*ru ?y 

75*»^*t K 1* 32 b T t/ > & *>\ £ -5 H tt**» C £MlT * «fc 

3 khijsu wEffijtfriSdjijoj^-n-eftwsi-rs 2 u 2 

?|JK. 3feWS^#:iiujfi[iX^— tJ-SSfijf - 

a^LTPEKU Mas 

[0 0 2 7] 

[0 0 2 8] ^ftno&KO&JBOMftK^glBtt. £ 

-iM&a/Kifff^^rf 3 7x-x:tV- hi. M7i!l# 

$ *lfc£fc« t ft 7 x - X "7° 1/ - h L © IW BS & © 
8? IK t c U f* f * fc * © ffi 3S CD X ^ — t * />«c < t # 

[0029] z\z\-c, msimm^mt. ft&zuzK 

^-*nB!|«-r§ 2ff 2^iJfC^7t#:R (#) , G (W) . B 
(ff) »3t3t#i:l^--*tt©#38*jWi:*»e>A:«)4 

[0 0 3 0] mIaBX^-^\ HJlSl^«)*58Jt« 

iTSfeCTSO, ?&Sfelli«^*tH*7-^SIR±KY-Bff 

*^««Jc*ir»T, nfffiLlP^rtw^^i^coo^x^- 
■5ffi3tt*tC« : i £ S:flHW-r*fci6K»Mffi*i t i ttai*7-^C0 

[0 0 3 1 ] SbtC *«9JK«*3£*fcCDJ&S8Ttt, Hd 

gBi4i^4 J cD#5£>t^fiMfe<i:-r5C<!:T3>KvX h© 

[0 0 3 2] i/c. *fSWt«**jfi«5^J6<0*^aclIl 
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[0 0 3 3] V£M<D%7 — Mmgktt\fite* ^)fef*:£X l> 
7<ytttLT^fc (13 3) o 

[0 0 3 4] cnWJL, *S5iWfc«S|g«W}gi845^ 
*^MftfS2fr2?iI{3R, G, Bffi#ft:£«Si)fc#£ 

W**l»iQfi-rs -A' TK«jentfiBi» o 

[0 0 3 5] Vt&OWM&ixffilZ&^X, X^-it^g 
litems? 7x-X7°L/- Mc^&TSfca&lz: 
tt, Xh7^7'tt(OR, G, Bfi)t**K»LTt^y 

^-t*y77^x h7^y30 i i trft^TKsrrn 

[0 0 3 6] 04*.fc£, Sa^tcSSJJ.SFfl 

JnLT)WSc0SV^7T<^ffi3O^*r^«^, 7x-X7" 

150X3 + 100 

((150X3)/(150X3H00X 2+(200+2W)))X100 «) 
(iU) ^CTf, #fjxJ£, W = 2 5 Mm ft 

[0040] £nK*fu *awtc*5^s**<ojgft8T 

L 1 = 4 5 0 Mm 

y7'^xh7^y*an tfc*£im«ioo 

/zmTff:S!nJfiE^6, ftfeffi:^^-- *2ZL 2 = 3 5 0 
[0 0 4 1 ] JfftW\z&tf%%m<DBWk~?fe, R, G, 

ti,xmm%Mii!L't - -mmi$^ffi<nBmxi$ 

-■i29 0 0 tirrKDiEJjBBWtti&o 

[0042] myt^mmm^ -mmwmytfcm&tt 

(350X350X3)/900X900 =45.4 (%) 

[0043] *&w\zm%>$&&<D&mT 
it, mm^mx^myti^mmw^pL. mfzo.hfr 

[0 0 4 4] @6(Z)f^ m#pi\z#f&ytmtf 3 s 0 ti 



0 //mM^iL^o 

[0 0 3 7] R, G, BfHlCM^n^^'^Xh:; 

-T7 J 3 o i immmxBf&xt?. ^<D^w2\t, 1 o 

[0 0 3 8] L^Lft7»*£, y-fi^SB (X^— * 

3 0 1 3t0X77^Xh7-l' y*BW 1 tt, ±32 

7x-X7°l/- h^ai^SS^WSflPtCffiUTifefeSn 

*> Ea-rntfA^^ fcoas^7*7 7^xh7<7" 
Tstaiia kEijiofc*, ivcicDctotc 3ifi 

^^^^X^-itco^g^tCiSbTftaOtf 
TX^-^^gaff^(D^.^L^ 0 
[0 0 3 9] ffot, «E*C0Xh7-f ^«»JtltftC*5 
20 ttSffi3t#BlW*tt, 7^^*8*1 5 0 /xm 

X2 + (2 0 0 + 2W) 

fR^fc^lStt, #J^tf, 3 0 0 Mm0(Z)Htt^cOX^ 
YM'Jjfilfb* ± 1 2 5 Atmcfc&So ^(Dfzth, X^— 

[0 0 4 5] fcU «£*<Z)X h5K ^fl^KT. 

0 0 um^%\m^t^^WM^t)^M^ 1 0 0 MmJW 

[0 0 4 6] *5EWCD**<7)»!»Ttt, ttttft*) 

40 1t*M2 5wmmH X^K 5 0 0 //m 
(ntE«tt<DtB-&) X^-1t<7>fMSl 

[0 0 4 7] C^i^C, 4^5g9]{C^S*J!6^JgjSco, 

X^-l**i*i^:&*±&^^ 

[0 0 4 8] ^^(r. ^%m\z%^m<Dw^^^mm 
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s M ifi £ . ^js^asttK i ^ £ a 

[0 0 4 9] l£tz. m 6, ia7C>l<L^J6i<D^T 

7*5> y * X h 7-f -/trn] i;«»l?fp« bfc#. #5EJtfl|5 
£[fii§t^>j<Ki|*lT LI & o lzTZ> Z. i: & B W £T 

(EI 2 2 0 

[0 0 5 0] 4s«^»C«*to«)*lt«)«fl8T?tt. «A 

i ic^ic^-i+Tv h u ^xwrsesu 2 ft 2 mizmtn 

■tZ>4 \iy Ml'© 1 H>> H-X^— t*-£i£HU tfflX 

1. I^mni^luJ.hcDfci*!^ TJE^OOfrJl^X 
^~tf£fljU2> 20 
[0 0 5 1] 2. J&^HfiijTWX^— tf»{*B-&^-&^ 

[0 0 5 2] ( 2 ) ^©ffiKftto-H:* 
^V^t £ * K X +)" £ 

T-Sfei k x ^— twisift s n/i-7 x - x h stoic 

fifilTtt. 7i-X7'l/- h fid J; ox ^— y-^sef-s 
■y-W«*XfiT?tt, 30 

[0 0 5 3] 2. X^—t*Xx-X-7°l/- h±(l^ 
[0 0 5 4] 3. ^7-SfctCXU y 

[0 0 5 5] 4. ai^jn&t, x^— y-^H/£^nAc 

7 i-X7*l/- h 1 4fiiSfrb-ti:* Lfct. X^— t<h 
^fIIW7x-X7 1 k-hiifMi«*t5. 

<7x h^-ry^^Ht^, #7-©iE«<&«ffhWjSfc<!:« 

[0 0 5 6] £U-.. *«Wfc:iS*^iSte«)»S8<Z)Jp-f > h 

[0057] [%m.<»wm i ] last*. *3imowm\z 50 



[0 0 5 8] 13')'. 9 0 1 HX^-f, 1 0 0 
"7 V - K 1 0 0 6B«II, 1 0 0 7 te7x-X"7V- 
h^/7Xr*^ 9 0 1, 1 0 0 5~L 0 0 7l:<tOX 

[0 0 5 9] »& : §2§£ffl<^AT£K&;toT«:, S-f* 

iwk -1 t s -a-* fc 

~5 0 OJjgTl 0 5HxlMf5r L\Z.Xnm^^m^ 

Lit. &m®®ft®zMmzym~rz>?jmiz^i^xim 

[0 0 6 0] UTZfU—b 1 0 0 5KWU J£« 1 0 0 1 

#h jfc $ nt ^ « at, m&m. j-. (r si tf, * 7- 

1 0 0 2^NxMfiM$ntV>5. (N, M«2«± 

ifttLfc^KSjfitCfeV^TW;, N=3 0 0 0, M=10 

tC*3V->T«, N=3 0 7 2, M=l 0 2 4ilt. ) 
mlifeN X M«©*itfte#S!;ttm* : Ptt, M^»fT77f&]fie 
Sil 0 0 3 tN*©^i]7jlfi]Sd^ 1 0 0 4 iZkiQ^W? h 
Ui7XBGI9$nT^S„ fKTKi] 1 001- 1 0 0 4tC<fco 
T«J« a n § ff » 4r v ;i^«-7- 1* - ^ M t »f 3s , 

[0 0 6 1] **i(fi<7)»»{;*5V»T«, a«S»ffl'J7 

•7*U— hi 0 0 5 iz-?)i3 L m-f-¥-2±m<D£ffi. 10 0 1 

*ISj£-r*«lJ«<i:l,jt*«, v;l/5 1 «^t*-A2!groS-« I 
0 0 1 gffr£>H^Tfc«fc^. 

[0 0 6 2] 7i-X7"l/-h^7X 1 0 0 7© 

TICtt, fjtRl 0 0 8«$tlTH5. *^IJ£cD 
^fi*7-*^tttTSSfc». ^7t!Il 0 0 8(7335 
»{'«CRT<7)^>ifTfflV'.f,nS* > I*. CQ3J£fe 

ia6»;^-r«i;-5f;a:)t*tRi«tt«)#«>ttai5 

(S) 75^J*SnTlri-5. 'M^WX h-7-fX°wr a 1, & 
^\ #3S3t«fctt, ^feO®?g#:i 0 1 0**»^T* 

[0063] ■m.ytwtnm.wt^zm&oim-n.tif- 1 oio^ 

-3 T t> *>7<fi \Z Tft&± c t > =fc -5 tc -r * z. t * , 
OEW«(»±UT*7i?a > h^X h<o®T€:Hi<^ 
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[0 0 6 4] 3t)fclj*l 0 0 Sffi'JTZfU-hmo 

flSfCtt, C RT (Dim-ClZ'AKl?) )l^y V 10 0 9 
SrsSttTifcS. *9)\,n»j>7 i o o 9&32tt/tH&<Jtt. 
myCJSL\ 0 0 8*«5gf S>EO -^^^iBfixWLTTtfiJW 

f'^i.ks-a-^ci:-?', fl-r7j->co®^e.M>tfliii o 
o s MT-ti-AijmmFE&tvim'fz 
fttfxD^mtiyxmn^it^^t-p. mhoos* io 

®<g L;£«g7-a>jJM82S <h LTl^ffl $ -t±3 ~ tfj. £X$> 
3. ^^M7!? 1 0 0 9(i, OTl 0 0 8^7i- 
7,7V- 1 0 0 7 hfcJBfc£Lfc», MXISkJim 

[0 0 6 5] £fc, *IS«0}g«'Trt4fflt^«tA^ofcA^, 
^ai-X^U— 1 0 0 7 tMl 0 0 8 <L<D 

mc. tt^tf, i Tostmt-r sasiMMssawx 

*>«fc<^„ 20 
[0 0 6 6] Dxl~DxM, i5«fctf. Dyl~DyN, 

I100 3t> Dyl~DyN{Jv;U^-^7-t*— LM^mh 
InJSdlSl 0 0 4<h, H vii7i-X^l/- hCD^^;UA* 
'^ 1 0 0 9 t««WKttttbTt»-5. 
[0 0 6 7] 3=fc, St««8»rt**Jlt3!^»»tSfC 

>yt*»lWU. SSffcfcffirt* 1 OODVf^-X 7 38 [To 30 
rr] HiffOJteSK #«E£*til: 

&yv*-m<Dwmif-miz.£K)%.m%fffi\Xitei xio? 

I'tXSE tel^Ui. lX107^tX7f [Torr] 
[0 0 6 8] K.h, ^m^y&^WM^^n^^CD 40 

[0069] #cc, nti ^m(Dmmcom^^-Mz^ 
fzvjisrmT-v-AMv&m-ismz'-j^x&w-tZ). * 

[0 0 7 0] IBWffStt, 



[0 0 7 1] LfcjJJ-pT. »»«T;*:iBBi©iii4fc*jK8 

Vf'&ts. * ifi ffltt tti * f iz o ^ T J£*£KJ ft i: St f Jj 
*3 saw U ^coff^&cDjffT&^Jev N U 

^^Mni-rz^j^n^-bi-isMcDmmiz^^Tm^ 

(* iffiGiS m * -T-eo & 3? 7-#Ie£ £ $t ft) «7-» 

isi9 (a) (b) K^-r^f*. ^mmcDMfSi^m 

[0 0 7 2] 0*. llOlteffiftu 11 02tl 10 
3tt£7-«fiL 1 1 0 4 «aJ$l8ttjW!£U 1 1 0 5 \Zmn 

7*-5>yjaat«fci9»i*bfcii-f : «ttBa5, 1113 

ttilWfittft&S lc «fc D U tcmmx& * . 
[0073] *fg 1101 tUtt, fc<hAtf, HiStf 

[0 0 7 4] Sfc. J£4S 1 1 0 l±fc£«iffi<h-Wrf::*|- 
|n]LT3$tt£nfc3}H^$ 1 102tll03lt i$tg 

i , C r , A u , Mo, W, P t , Ti, C u , P d , 

$>$>Mt, I n 2 O 3 - S n 025rf* UfetTS^ 

[0 0 7 5] IBSSJBlsK-rSKW:. fctAH 

[0 0 7 6] 5g7-'S^ 1 1 0 2 <h 1 1 0 3 03^«, S 
^^.T,^7cOJ^ilJgW(C-&^-t±Tig'H:ffS:^$nao 

f^sns^, ^c^Tfc. &^*&mzmm-tz>tc#>\z 

H*» 6 » ^ tf n ^ . 
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^ [0 0 7 7] £fz, VfttffRl 1 0 4<D%MHZit* ft 

fw wntta^^jjira u xsdfg s nfcjftg *v * * ^ «« 

P— 2 0 0;t>^*X N n — Aco^il6Q^c7)T$> 

0 2 1103 £mn.&)\z&bf\z&ifa-r%><D\Zt& 

[0 0 7 9] ftffrWfctt, ftt>^hn-A*5»f 

1 0^>:?X hn-A^?, 5 0 0^>^X 20 

[0 0 8 0] »)RiFIS[*»jBfiTS(0fCfflV^n'3 
£*tft£LTW\ >fc<h*.fc£, Pd, Pt, Ru, Ag, 
Au, Ti, In, Cu, Cr, Fc, Zn, Sn, T 
a, W, Pb, &£**tei;a&£TS&«-S>, PdO, S 
n02 , I n2C>3, PbO, S b 203& <H ;€rtt i;» 
£BMfc«J^ Hf B2, ZrB2, L a B6, CcB6, Y 
B4, Gd B4&if*f4i;«>i"r-Sfllffc«&^ TiC, Z 
rC, II f C, TaC, SIC, WC ft Da6 <h~T 

£r*Ht*^\ TiN, ZrN, H f Nft ifStti;* <tf 30 

[0 0 8 1] fit hizti^ifcj; 5 K. Wmtt^lS 1 1 0 4 £ 

1 0<7)3ft^b 1 0 <D7m [*-A/s q] 

[0 0 8 2] ftii, i|«tt»li 1104 tifll 1 1 

0 2i3«tcxi i o 3 tti. macwc^T-fr^^nsco 

[0 0 8 3] aT-ttmSBl 1 0 5tt, #*ffeSHtt 

1 104® •${c^£ttfc<fe§nK»&#T2&9, m& 

*». ta», sum-win i i 0 4ic*tbT, aarraffi 



»ftfc», »l9fc:*s^Ttt«35Wfc*Lfc. 

[0 0 8 4] ffRl 1 1 3tt. ^3£fcL<tt&& 

{t^t/=fcOft£?iMr?*> fST-*fetli3B 1 1 0 5*5<fc£J^E-co 
ifit&**E«fLT^S. #J£l 1 1 3*4, ig«?*-5> 

[0 0 8 5] MK1 11 3H vmW?7r4 K # 

-A] KTttS^, 3 0 0 [t>yxf-D-A] fiAT 
iLH. ft*, -^P&WiWEil l l 3 
W{itt^^«*ffimiCl2I/K-r*»ttWliftfc«6, KI9(C 
*5ViTtt«i5WC7KL,fc. £/t, ¥lfil*J (H9 (a) ) 
tC*(^Tte, 9Kl 1 1 3 0>— SBSIINsLfcSti^fcBI* 

[0 0 8 6] fiU:, tfiLl^T-CMt^ii!;^/; 
*AE»^t*3^T««TcOct-5ft^r-$r/fJV^ci„ 

[0 0 8 7] -rftfr-fe. Sftcl 10 1 7 X£ 

fflU, *T-«S 1 1 0 2 t 1 1 0 3 fcttN i ffi|R£ffl^ 
fc„ *fSffi»J9S(ililO0 0 W/^hn- 
A] , ffi&Pdl?iLtt2 [V-f^D*-^-] iLfco 

[0 0 8 8] Wfft^Utro^HWWi; ITPdbKliP 

dosin, $m-rm<Dw-i£\t.m i o o [t>^hD 

—A] . WBl 0 0 [N'-f^D^ — ^] tLfc. 

[0 0 8 9] #cfc, Jfigft^ffiSiW^iSC^^m^^ 
WKit^'ffifcOV^TatiM-r*. ISfllO (a) ~ (e) 

[0 0 9 0] 1) S-T, ^310 (a) (r^-Tcfc^fC, ^ 

liiioi -tizmT-mm 1102 *j«tt/ 1103 

[0 0 9 1] **fi-r-6tC*fcoTtt. fife 
1 1 0 i£&?M, W«*ffJ&fflv»T-H>l;iJti* 

[0092] w.ttii-fcmmtm&> 7* kuv 

10 (a) (C^b/i -fcf?)^-?^*!* ( 1 1 0 2 <t 1 1 0 
3) 

[0 0 9 3] 2) ^ClC. HI 1 0 (b) ^*-r«fc-5f;, * 

110 4 ZBf&tZ, 
[0 0 9 4] JBJEfc-r-SKfc&oTH. ST, EI 10 
(a) © f K*»:Yj**«Jffa£*«ft4ibTi)6jliL. J)nM«E 
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[0 0 9 5] fij. ^©fi^T^ffi^^LT. 

[0 0 9 6] »|4Tl i |jtTft5Sn«»tStt:»BtOfiK 

10 

[0 0 9 7] 3) ^SC, 010 (c) K 5 7 

* — 5.>>fM%Ml 1 1 0^^^T«tt! 1 102tl 1 

0 3 cDfflizm'&cDnrp.&miiQV. mmy t-s>^Mi 

[0 0 9 8] a*?*- 5>^«lS£tt. »&71lgT"fF 
5*l;fcilHittiMJll 1 O4l:a«*ffot, ^co -SB* 

•5 (D \z Km umm iz mt a -a- s »». © - £ * a . 
aftflMSfcfcftL&wfl- cr&^Tfe, ^AStmsBi io 20 

[0 0 9 9] &*5. tg^jfcftJfJB 1 1 0 5ftWJ&-£tlZ>m 
tVdtkTZt. »J«Snt«f4*-7-«#i 1 1 0 2 i 1 1 

[0100] a«A-te*.fco»Kitt9i-r*fc«e>c, w 

1 lfc, 7t-5>WIH 1 10^?,F.p})Dt?)iit 
;l/XifeT 1 ©Hftj&A'Jl/X^AJUXfBJRaT 2 Tii^Jt 30 

mm\ 1111 TrTj-jHijbfe, 
[0101] ^©jgfflstriJ^Ttt. fct^ti. 1 0© 
v-f^-X5 5R [torr] S^jr^ffl^TICis^T, 

till n;i^x^T 1 ^ 1 [5Ufi>] , n)V7.m&T2 

£10 [SU#] <hU iSIES«Vp f * 

0. 1 [V] fo#ELft. f LT. 2ftiS(?5AM 40 

F-UAll-f afctftC 1 MWSiJfQT. ^r^/N-JI/X Pm£Jf A 

l- fc. 7 * - 5 > {ffes-m iz a &t - t a*& ^ <t 

0\Z. ^-^AJl/XWttf.VpmHO. 1 [V] KIS^E 
L/io fit, 5g~7-?g^ 1 1 0 2 i: 1 10 3 <7)Rfl0)$&C 
JfttfoOtl X10©6* A] fc&ofc&Rf. 
5, ^n^/WXPMnl^KmSStiN- 1 1 1 lTzmiZtlZ 
«Mt*U X 1 0©v-ftX7f [A] JBtTK&ofc&RI 

x\ y x-^>-ymM\zfrfrt>2>mm&M:ri<tzo 
[oio2] fc*s, ±aa©A**«, ^iiiifico^©^® 
e«ffltttfi* : F«cH-rawsu^ttT! , *»3. ft tit so 



mmm&mmikmmTmnsf^'^.vrcm^z^ ^ 

[0 10 3] 4) ^{C. p£| 1 O (d) {t/7<-r«fc-5H. tS 
ttHMI'SM 1112 rt^jfH^S 1 1 0 2 <h 1 1 0 3 <£> 

■7-4fem4*ft©ijice*fT5. 

[oio4] mms&immtte. %n&Mi&y*-$> 
Pj®.m\zji*)j8m2titfm*iktiii&i 1 o 5 Kan©* 

1 1 3tLTMl;*Lft„ ) 

m-m&mmnz'noz\t\z±K>, nomttttii 

0 ^Riit-mim^ * a c 

[0 1 0 5] gfcmzlt, 10OV-l'tX4Sfj:l»Ll 
0CDV7^-X536 [torr] WteH^W^^ffl^Cf T» 

<\<\z{mrz&Mfc&w*i£mt?%i%m>bL<wxm 

ftfr*****-*?). itm^Ol 1 1 3H m«ft^77 

n*^*V feL<«^Wrgff#JTS.D. IJIH5O0 [* 

>i/XhP-A] W>\ J:<9$TS L<«3 0 0 [^>^ 

X hD-A] JKTT&So 
[0 10 6] D#L<8tt9rr*fc»&t::» H 

12 (a) (r. ffittftiH^ilg 1 1 1 2^6PPJwr4M'&: 

<DMJ£WLM<D~MZ^To *%m<DMmz&\,->Tte* - 

A^W^tt, *«©tlfVac«l 4 
[V] , /i;l/XiieT3Hl [5UI>] , /WX|tgi!ST4 

ttio [5 U«>] iLfc. 
[0 10 7] )tc*3, **«<0»!B© 

*iffiftj»5?ttfH* : f KBtJ-T a*?S U ^^ff-T* 0 . *® 

[0 1 0 8] Ml 0 (d) (Ctk-TI 1 1 4ti. 

XXDTS— H«@T. iSr^ti^^/il^ill 1 1 5i5j;tf'a 
flftff- 1 1 1 6«$tlTl^. 
[0 10 9] 110 15:. ^/N°7-;K^'Pt3 

[0 1 10] ffif±^ffl«i5ii 1 1 2^^-amseuju-ra 

IW, 1 1 6 TttUlttHU c*ffl-«IUTi**e#. 

^IHWitfT^a^^-^-L, ffitt:ltfflil 1 1 1 2 

comrp&mw-T&o nm\ i 1 1 

mi e©— ^JS. Ell 2 (b) IC/K-T^, ffimt&Ml 

1 1 2*^/t;PX«8fli^rlpttlL,«Ui*-&t. B5W<Oii*ig 
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CO 1 l l] ijSOTMtg&mt. go jfc<i© 

[0 112] J-X±«=fc^)lr IT, 010 (e) IZ^-t" 5 ? 
BffiR*S!!»m*T-) ^fc, «^ftW«. fcb<». ^» 

[0 1 13] 0 I 3te. f&\£M(D&&ffihZ$:mW-r%rz 
AWfijSW&UffiBiBlT?*?), 04*cD 12 0 1 tt&K. 1 
2 0 2 tl 2 0 3 tt*7-*«L 1 2 0 6 ttf&^.fgl&SK 
*t. 1 2 0 4tt«tt7~flt*ffltr>fc#«'l4»BI, 12 0 5 

7 * - 5 > s^aaa c «t d wfiL b /t«T-»ma5. 1 

[0 114] S«l!#ftt;:;KWb;fc¥ffi$£ftft*J#Ji 
te, *T«*«>o-fe<0M-* (1 2 0 2) *<S^fcfc«tt 
1 2 0 6±fc»»t6nT*J0. Bttttnigl 2 0 4 A*® 
t£^8&*J l 2 o eofflW&tsabTi^^fca&s. 

[0 115] LtAbT, nUHt!g|9«¥[6i^(3*3^'5^ 
7-*«|IIJIHLfcL «Bft3!!t4sV»Tttg!;^igfigfiPWl 2 0 

[01 16] 1201, jS&^lSffi 1 2 0 2 *$ 

<t»1 2 0 3, **i7W*JH^fc**«:»K 1 2 0 4 
tH>Ttt. WSJ J P-Bi»Hcott9J'|«fc3«J*bit«W*l3l«K 
ffl^5;t««'pl<|T»5. 8JS»lS»JMl 2 06 

SCte, ttAll S i O2C0j:3^«MW^^14Wtt 

[0117] act:, lsKffl«:&ffife^M&m^7-w£{i£ 

to^TgftWT*. 014 (a) ~ (f) «, 

— T'fe-So 

[0 118] 1) £-T, 014 (a) lZ7,<-?£o\z. * 
IS 1 2 0 1 ±(C^T-m«s 1 2 0 3 *Wsl&-fZ>. 
[0 119] 2) ^(C, 0 1 4 (b) tC^-f <£-5<::. © 

[0 12 0] 3) #tc, 014 (c) (C/T<f «tptc> m 

bjzm-f-nm 1202 ^^-r-s. 

[0 12 1] 4) ^ctC, 01 4 (d) (C/r<1"ct^(C, *fe 
*2l§CD--tH$£, &«h*tfXy^>^ij£/fll,>TRfc3cb. 

M^-mM 1 2 0 3*amsis-s. 

[0 12 2] 5) #CK. 0 14 (e) fcl -5 
ft7HK*^fc***fe#K 1 2 0 4 *JgfiW*. JUBJt-r 



[0 1 2 3] 6) MS¥WS!a>*fr<t:l3li;<, j£ 

(laiio (c) zm^TWiwvfcW-Mmnmmyx—s. 
*a<*it-*. (w i o (d) & mux t&w i>fc¥-Mm<nm 

WkW^CLT. [SI 1 4 (f) K7K-r&iftM©*i!<£. 

[0124] (^gEi'fflv^cajwc^s^m^Tco 

[0 1 2 5] HI 5C, *^|*K^Hfc*70, (tt 

m*W£i e) *f (m?%mwzv n 

(*-7-tf»I f) » (*THJin*ffiV f) Wttw*3!W 
20 &M*7Kf. 

[0 12 61 3&kbm«t I ett. ^TtSift I f Kit 

^T?T b < /Jn2 < , N-R*Tf H^f* ©**W«Tf *5 

•5*, znznwmzm-f-vjzzz+mvtQn&iiw? 
* - ^ * SSjer •& ct tc =fc o -§> t * s /t «& . 

lo i 27] s^sittKfflufc^tt. &mmssi etc 

Kb-rWTfCSB^^ 3 oo^MLTl^. 
[0 12 8] JB--fc. *-S*BE (H*l*IWtt*JEV t h 

30 ^m«Sit I eWmMTZW, — M«mv t h*I 

[0 12 9] ttttHBftl cKBLT. KffeA: 

[0 13 0] K5-t, ftUi«Ml e«^7-tcP|J»u-r-5>ie 
H£V f t&-#bT«ffc;-rs*:«). «ff.V f TJftlH*« I 

e (DjcZZ&fflWZg&o 

[0 13 1] ^T-{cE|JAu-r-5lgniV f K*fbT 

40 5^f©Mi^l«WT#^. 

[0 13 2] a±<B«fc-5£t#*fe*#T5&«>. 

&&<Dmi-&%mmmnm%\z*ijtsL-z&rtfz 
v t h^±<DiiJi£®'H:eiJ*iib. #j^^^si©^7-t'tt 

r«9M'SIEV t hifcrfficDfSJE&EIJJll-r-S. Wifli-TZMT-Z: 
50 T^£fT-5££#p"If!lT?&S. 
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[0 i'3 3] m~ff)^m\ Sfctt. SHroUtt: 
[o i 34] Hi 6 (r^-foote, ins co^-/i^;Kc;n 

HI 9 L/c *>CD £ ffift&3ritf{2#«;»W*Tf *«ie*l3 1 0 

n. 'n^©^T-«ff ,/7rfiifie«i««j 1003 twjjfim 

-So fr^ri&jEii^ 1003 trnjimmnm i o o 4 
ssmici&ftftji (^fias;-) jwbi* 

[0 13 5101 6 (75 A— A.' t~&o fdTttSf^ « 1 7 

[0 13 6] c:co«t'5/«c«ii©v;i/^i :: iigtt. 

htcff*[^ea«mti 1003, mxnm 
mnmi 004. -^sraiifi^ csm*) , *s«tt5. * 20 
tfSfci&satscm - <o £ T-mffi t WMtwitt % # & u fc. 

R, fr#faEI8«« 1 0 0 3*<fctfH;#fij|Ei»ttt#il 0 

<tifl*ffl-tt<t«ia*ff -5 £ <h K «fc <0 SJg L feo 
[0 13 7] Sit. TMSWfcWS&KcOJBIBTtt. 2ff 

^t>fcOR. g, Bmft&^fea-r&fc*. -a^jcM 

[0 13 8] X^— ^t7i-X^U- MfctK 
U7^-h (ab-5^ti^^*fe) tco^^Ttco^ 30 
T. 1216. B7, H184I^TRMt«. 

[0 13 9] *iJfi«)gJKT(t X^— +T9 0 1 CDtm 
iLiy-y^-f A^/7XA^ft;53 0 0 umijt. 

[o 140] itr. x-^— 9-WM^«^eic3iTii[L 

-XtV- h 1 0 1 1 (# 5X 10 0 7. ^flg 1 0 0 
8. *3^A-y^ 1 0 0 9frt>t£Z>) <hC9^g?ft9 0 2 
C7U -y h^7X$MU f&flrtC <fc *3 7i-X7 = l/- 
h£frX^— y-$rf/:ft-Pr*3-i±L7c^T4 0 0~5 0 0 40 
rtttL. 7i-xyi/- M 01 1 iCX^— 9-9 0 

i &l5]£:-T£o 

[0 14 1] -toft. fliliBUfc«fc-5fc-if*tM 0 0 65: 
fl"U 7x-X7*l/- f- 1 0 1 1 i'JT-7V- hlOO 
5 ©8^8BK7 'J -y h#7X£8Mi. *fcfi£L,J*?S««<£ 

[0 1 4 2] HiklKfeHT. X^— 9-9 0 Hi Pi & CD # 

^A^fcWA^/c^co^S^^-r-Scfco^gl^tl/c 



tf. 12)1 8(C7KL/cJ;-5iC. B*F*j0#S8}fcg8<&"5^. 
X^— 9-9 0 l^a^bT^/j:l^^t)4i;-g>JS^* 
{lib. ^H^ic^^)t^^L<r7 :; ('±-r-5)C:i:tt. 

[0 14 3] £##=1 0 0 6C0«Efi)cH#{c. {411* 

s6 l /c x ^ — y- frte V > =fc -5 f ~ . &*&i&fi~$-2>fzg) 
<Dy 'J -y htf^Xti. «fcfiSai|g*>*SfflH4*»Wr*&5? 

£/c. 3Sfr# 1 0 0 6 iX^- tf-9 0 1 <D74tS 
ttfttD-ttT* < CD ft g" o £ T & ^« 

[0 14 4] .hi£L./c=t^(C, {*JR«te»a4lfcX^— * 
9 0 1(1 5j?-T-Sfti±T«, «?flx.tf. 01 eco^HT 

[o 145] jw±. ^WDm—cD-Mmoimmizxti 
»Acoiaiviii^^7K»s^#'snSo 

[0 14 6] R, G, B&ftftCDfilieKlOVVT 

tt, 06. H7(c^L/c : bcD(C|!Re-r, yWtCtCbT. 
R, G, B©fiK*An«ATt>±SB<0*«iJU<OJSj(**t 

[0 14 7] [*MC0^SI2] *f£W<Df&~<n& 

[0 14 8] !&I£^:#:CD '*ffiC0^^ 1 cN^i 

[0 14 9] T-WfflCOSfflie^^^m* f T«, 131 0 

(d) fc«f*K>i;-LTv»a«t"5c. #^6jsuisnfc 
[0150] ccDHtmi. aieMf eajtsiicrti*-^ e. <o« 

■T-tt IB ^ * - X A ^91* Tft ^ It «t> . +^ iC tt t> o T 

^/ot^^. w^sai^ntiT-B, stuiiS^com-T- 
[0151] c:cottw^fi|fflLT. x^-+J-^ 

finScD{4BS'f t n^»^A^</£'9. X^— 9-Wfiii 
MSWtrtT. XA-^af^iSTH^T^Stl/c 

[0 1 5 2] **Jfi<7)}gj»*, tt>*. N^riUUTAWj 
fCBftlJir*. 

[0 15 3] *^iSco^^T«, PiBna?/i<M<i:bT«. 
**CD».^1 ,fc[tf]t;Tia6. pq 7 }-*L7c^^<hb/Co 

[0154] fib. *mmcDMmz&^-az. 1216. ia 



(12) 

[0 l 5 5] ±i£Lfc, mfeW)mJ}\ii}<nixteLfzMT 
«, x^— tJ-attflSTttja^PiiRiAico^KyefK&jpiffl-r 

[0 15 6] S19ft SB- -3£&<DM&<DW 1 6 

[0 15 7] COT -3*., Hl'fSteX^— W^«LT« 

s' «x^— ti-**sttLft^#fsjc« 

[0 1 5 8] 1*1 1 9frt>t>frZ J; -5 II. X^— tf-^&gB 
SCOffiftc?. ^-T^OTmJT-Ffljto^Fffi] (iEfltffiirtfi]*^^ 20 

1 1> i* x ^--y - a stauro w «t ttaff.BJjp* isi*«s l 
Z\(Dtztb. 134'. x^— frsj*aB-rr&v>#«tt 

[0159] tai 6 tm i 9*jt«srst. fettxt. 

UTHte^-tirn^m^ (019) . 
[0160] +3*£iSfirojga8f3«kntf. X"?—- tf^SMSS 

COTcO^-J-S&fCfe^Tfi, fell 9\Z&WVW£ilfzTlZ 

[0 16 1] *&, <£B£:b#»SSa«* 0H*.fi, a® 

^lMTr+^JS-rfTfc, £7-J£t£#lcOX^--tf-9 0 40 

i <Dwmm^m2 o tc^-f j;o(3JaA-t-^-s„ 

[0 1 6 2] W\2 X^—tt-9 0 1 Kflja^cOIKr 

ifn^frflMKcOX^-- t)"£flJH£L„ ^COif-fr. it CO 

[0163] g=fc, X^— tf-cO^ISJCT^n^ 

[0 16 4] ^JSWJgJBK^T, fft'-A^, ffl 
ft{*lciijjrt*>*-c?©«lfillit (02 0^<OD) tt, *-y 

£BiinT*wE-t\ aft&i-Fivjn-t&wf.. *-r-~a>t so 
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[0 16 5] +seifi<3!)«SBt)*Afii©«asl tiaistf 

ttPJ-^T* <9 . l*i§??l*JCOR, G, U<D6miZ"J^X 
ti. 1*16. 07i:/pLifcfcCOCK6f, K, G, BcOA 

[0166] mm<DWM 3 ] EI 2 1 tl^HflcOSS 3 CO 

[oi6 7] Ka^fls©«i*^^»jttt, %mmm\ 

[0 16 8] **«5<Z3»J(SHC*5V^Ttt, YTJfacOPS^iJ 
m~t (X-X* ) K*tLT*W>££a*LT^* (Yl- 
Y 1 ' ) „ 

[0 16 9] CCOJS-g-fCfc. ili^«2fT2?'JHR, G, 

[0 17 0] ffib. mT-iftmXT-tt, fx • W*i|«SSLT 

[0 17 1] *^Sfico^<i(C*3^Tfe, #32*fcaW*H!l: 
[0 17 2] **Jfi<0»j»Ttt. 3Jgfegt>fc# 

^•x ^ * t*t rb a £ nr ^ & £ ® . & fciifca 

[0173] [ikM<DWm4] W\2 2tC. #fg(«CD3&4 

^©«fi!c^f^«}*tt**o»SB i trsj«^coT^iifi-r 

[0 17 4] -4c*i6©»»C^lrJTtt. H*F*J«)?hK^ 

=7 v ? X h 7 -f ^ i PI £ Jitft SB**** ■=> Aj: S co Ttt 

[0 17 5] M#«Ctt. RftOt75ymSM 

[0176] ^momm-vit, zm 

[0 17 7] S^fc. #3yg<OJi2iiT«. ?|5f5)tRP^ffl 
[0 1 7 8] ^)fe©i5£#t*s&j*S-r£. 3>h7Xh*5 
X hlJ7i-X^I/- h^^XOOSii^^ Ttf-5C1 
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[0 17 9] H2 3IJ, mm$iW<n%ffitem®1&liiMl L 
«rVBT-tf-AMt LTfflUfcT-'-f 7,-?Vin*)l\Z, ft 

$iiK(.J: 0 n4M{M*«**wT£ * J: o L 
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(54) [Title of the invention] AN IMAGE DISPLAY METHOD AND 
AN APPARATUS THEREOF 

(57) [Abstract] 

[Object] To provide an image display apparatus and an image 
display method on which electron-emitting devices can be 
mounted at low cost and which can display an image of high 
quality in a flat type image display apparatus having 
spacers . 

[Solving Means] A pixel has R, G, B fluorescent substances 
and a non-emitting portion (S), which has the same shape as 
that of the fluorescent substances , in adjacent two rows and 
two columns in intersecting row and column directions. Then, 
an image display surface is formed by continuously forming 
the pixels in X- and Y-directions . Spacers are disposed 
such that they are concealed by black stripes for 
partitioning the R, G, B fluorescent substances. 
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[Claims ] 

[ Claim 1 ] An image display apparatus comprising an electron 
source that comprises a plurality of cold cathode electron- 
emitting devices disposed on a substrate, a face plate 
disposed in confrontation with the substrate and having an 
image display surface that includes a plurality of colors of 
fluorescent substances applied onto the inner surface 
thereof to form an image by emitting light when they are 
irradiated with the electrons emitted from the plurality of 
cold cathode electron-emitting devices, and a plurality of 
spacers for keeping the interval between the substrate and 
the face plate at a predetermined distance, characterized in 
that the plurality of fluorescent substances, which are 
partitioned in respective colors, are disposed such that the 
columns of the fluorescent substances intersect or obliquely 
intersect the rows of the fluorescent substances disposed 
along the horizontal direction of the image display surface 
in a grid pattern, that three color fluorescent substances 
and a region, against which the spacers are abutted, are 
disposed as one set in each of adjacent two rows and two 
columns of the fluorescent substances disposed as above, and 
that the one set of the three color fluorescent substances 
and the region constitutes a minimum unit pixel for 
displaying a color image. 

[Claim 2] An image display apparatus according to claim 1, 



- 3 - 



characterized in that the plurality of colors of the 
fluorescent substances are R (red), G (green), and B (blue) 
fluorescent substances . 

[Claim 3] An image display apparatus according to claim 1, 
characterized in that a voltage is applied in an inverted 
direction to the electron-emitting devices for irradiating 
electrons to the fluorescent substances disposed adjacent to 
each other across the regions against which the spacers are 
abutted. 

[Claim 4] An image display apparatus according to claim 1, 
characterized in that the cold cathode electron-emitting 
devices are surface-conduction emission type electron- 
emitting devices. 

[Claim 5] An image display apparatus according to claim 1, 
characterized in that the regions against which the spacers 
are abutted comprise a black member. 

[Claim 6] An image display method of an image display 
apparatus comprising an electron source that comprises a 
plurality of cold cathode electron -emitting devices disposed 
on a substrate, a face plate disposed in confrontation with 
the substrate and having an image display surface that 
includes a plurality of colors of fluorescent substances 
applied onto the inner surface thereof to form an image by 
emitting light when they are irradiated with the electrons 
emitted from the plurality of cold cathode electron-emitting 
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devices , and a plurality of spacers for keeping the interval 
between the substrate and the face plate at a predetermined 
distance, characterized in that the plurality of fluorescent 
substances, which are partitioned in respective colors, are 
disposed such that the columns of the fluorescent substances 
intersect or obliquely intersect the rows of the fluorescent 
substances disposed along the horizontal direction of the 
image display surface in a grid pattern, that three color 
fluorescent substances and a region, against which the 
spacers are abutted, are disposed as one set in each of 
adjacent two rows and two columns of the fluorescent 
substances disposed as above, and that the one set of the 
three color fluorescent substances and the region 
constitutes a minimum unit pixel for displaying a color 
image . 

[Claim 7] An image display method according to claim 6, 
characterized in that the plurality of colors of the 
fluorescent substances are R (red), G (green), and B (blue) 
fluorescent substances . 

[Claim 8] An image display method according to claim 6, 
characterized in that a voltage is applied in an inverted 
direction to the electron-emitting devices for irradiating 
electrons to the fluorescent substances disposed adjacent to 
each other across the regions against which the spacers are 
abutted. 
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[Claim 9] An image display method according to claim 6, 
characterized in that the cold cathode electron-emitting 
devices are surface-conduction emission type electron- 
emitting devices. 

[Claim 10] An image display method according to claim 6, 
characterized in that the regions against which the spacers 
are abutted comprise a black member* 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to an image display 
method and an image display apparatus , and more particularly 
to a flat type image display apparatus having a multiplicity 
of surface-conduction emission type electron-emitting 
devices . 
[0002] 

[Description of the Related Arts] Conventionally, an 
apparatus having a cross section as shown in FIG. 1 is known 
as a flat type image display apparatus using cold cathode 
electron-emitting devices (Japanese Unexamined Patent 
Application Publication No. 2-299136). 

[0003] The image display apparatus uses cold cathode 
electron-emitting devices called surface-conduction emission 
type electron-emitting devices and is arranged such that 
electron-emitting devices 3005 (each composed of electrodes 
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3002 and 3003 and an electron-emitting unit formed 
therebetween) are formed on a substrate 3001, and a face 
plate 3010 formed in confrontation with the substrate 3001 
has a fluorescent surface 3008 formed on the inner surface 
of a glass sheet 3007, In a color image forming apparatus, 
the fluorescent surface 3008 is ordinarily formed such that 
after a black conduction material 3011 called black stripes 
as shown in FIG. 2 and fluorescent substances 3012 are 
ordinarily patterned on the glass sheet 3007, a metal back 
3009 is formed so as to cover both the black stripes 3011 
and the fluorescent substance 3012. 

[0004] A purpose of forming the black stripes is to make 
mixed colors and the like inconspicuous by making the spaces 
between the respective three primary color fluorescent 
substances 1012, which are necessary on a color fluorescent 
surface, black and to prevent the deterioration of a 
contrast caused by external light reflected by the 
fluorescent surface 3008 . 

[0005] Further, purposes of the metal back 3009 are to 
prevent reduction of a potential caused by charges 
(electrons) stored in the fluorescent substances 3012 that 
generally have a high specific resistance of 1010 to 1012 £i 
• cm to thereby act an electrode for applying an electron 
beam accelerating voltage, to improve brightness by mirror 
reflecting the light, which is directed to the inside of the 



- 7 - 



apparatus, of the light emitted by the fluorescent 
substances, and to protect the fluorescent substances 3012 
from being damaged by collision of negative ions. 
Ordinarily, aluminum is used as a material suitable for the 
above purposes. 

[0006] The metal back 3009 is formed by vacuum depositing 
aluminum after the back stripes 3011 and the fluorescent 
substances 3012 are patterned and subjected to processing 
called filming (applying an organic film on the back stripes 
3011 and the fluorescent substances 3012). Then, the metal 
back 3009 is finished by baking and removing the organic 
film. However, since the fluorescent surface 3008, in 
particular, the metal back 3009 after the completion of the 
metal back processing has such a low strength that the metal 
back 3009 is exfoliated when it is rubbed with a finger. 
[0007] Further, a plurality of pressure resistant spacers 
3006 are provided in order to keep the space between the 
substrate 3001, on which the electron-emitting devices 3005 
are formed, and the face plate 3010 at an approximately 
constant interval against atmospheric pressure. 
[0008] Further, the inventors propose a method of joining 
the spacers and the face plate in the flat type image 
display apparatus, which will be described with reference to 
typical figures shown in FIGS . 3 and 4 . 

[0009] In the face plate whose cross section is shown in 
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FIG. 4, the metal back 3009 abutted against spacer joint 
portions 3013 are patterned by an appropriate method such as 
a metal mask method when it is made, and portions from which 
the back stripes 3011 are exposed are formed* 
[0010] As shown in FIG. 3, since the back stripes 3011 are 
linearly formed, the spacer joint portions 3013 are also 
formed linearly along the back stripes 3011. Further, the 
spacers 3006 (FIG. 4) are composed of a thin-sheet-like 
glass to make the overlapped portions thereof with the back 
stripes 3011 inconspicuous. 

[0011] The spacers 3006 are fixed in such a manner that a 
flit glass 3014 is applied along the linear spacer joint 
portions 3013 using a dispenser and the like, the spacers 
3006 composed of the glass sheet are aligned, and then the 
flit glass 3014 is baked at 410°C for 10 minutes or more. 
[0012] Next, a conductive layer 3015 is formed by a spray 
method and the like so that the metal back 3009 is 
electrically connected to the side wall surfaces of the 
spacers 3006. 

[0013] With the above processing, since no positional 
displacement is caused at the portions where the spacers are 
joined to the surface plate and the fluorescent surface and 
the metal back are not damaged, an image forming surface is 
not damaged and the metal back is not exfoliated, and 
electric discharge and the like are made unlike to occur. 
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Further, particularly when the spacers 3006 are composed of 
a semiconductive film 3016 formed on the surface of a spacer 
base material 3017 so that unexpected charges such as 
electrons, ions, and the like do not stay on the wall 
surfaces of the spacers 3006, an electric field changes 
smoothly and electron beams are stably started because the 
spacers 3006 are electrically continuously connected to the 
metal back 3009 on the inner surface of the face plate. 
[0014] Here, the surface-conduction emission type electron- 
emitting devices used as the electron-emitting devices 3005 
are one of electron-emitting devices called cold cathode 
devices in contrast to thermionic cathode devices . Of these 
electron-emitting devices, field emission type electron- 
emitting devices (hereinafter, abbreviated as FE type 
electron-emitting devices) , metal/insulator//metal type 
electron- emitting devices (hereinafter, abbreviated as MIM 
type electron-emitting devices), and the surface-conduction 
emission type electron-emitting devices are known as the 
cold cathode devices . 

[0015] A known example of the FE type electron-emitting 
devices is described in W. P. Dyke & W. W. Dolan, "Field 
emission". Advance in Electron Physics, 8, 89 (1956), and C. 
A, Spindt, "Physical properties of thin-film field emission 
cathodes with molybdenum cones" by J. Appl. Phys . , 47, 5248 
(1976), etc. 
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[0016] Further, a known example of the MIM type electron- 
emitting devices is described in C. A. Mead, "Operation of 
tunnel-emission Devices" J* Appl. Phys . , 32,646(1961), etc. 
[0017] A known example of the surface-conduction emission 
type electron-emitting devices is described in, e.g., M. I. 
Elinson, "Radio E-ng. Electron Phys., 10, 1290 (1965) and 
other examples which will be described later. 
[0018] The surface-conduction emission type electron- 
emitting device utilizes the phenomenon that electrons are 
emitted by a small-area thin film formed on a substrate by 
flowing a current parallel through the film surface. The 
surface-conduction emission type electron-emitting device 
includes electron-emitting devices using an Au thin film [G. 
Dittmer, "Thin Solid Films", 9, 317 (1972)], an In 2 0 3 /Sn0 2 
thin film [M. Hartwell and C. G. Fonstad, "IEEE Trans. ED 
Conf.", 519 (1975)], a carbon thin film [Hisashi Araki et 
al., "Vacuum", Vol. 26, No. 1, p. 22 (1983)], and the like, 
in addition to an Sn0 2 thin film according to Elinson 
mentioned above. 

[0019] FIG. 5 is a plan view showing the device by M. 
Hartwell et al. described above as a typical example of the 
device structures of these surf ace- conduction emission type 
electron-emitting devices. Referring to FIG. 5, reference 
numeral 3020 denotes a substrate; and 3021, a conductive 
thin film made of a metal oxide formed by sputtering. This 
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conductive thin film 3021 has an H-shaped pattern, as shown 
in FIG. 5, An electron-emitting portion 3022 is formed by 
performing electrification processing (referred to as 
forming processing to be described later) with respect to 
the conductive thin film 3021. An interval L in FIG. 5 is 
set to 0.5 to 1 [mm], and a width W is set to 0.1 [mm]. The 
electron-emitting portion 3022 is shown in a rectangular 
shape at the center of the conductive thin film 3021 for the 
sake of illustrative convenience. However, this does not 
exactly show the actual position and shape of the electron- 
emitting portion. 

[0020] In the above surf ace- conduction emission type 
electron- emitting devices by M. Hartwell et al. and the 
like, typically the electron-emitting portion 3022 is formed 
by performing electrification processing called forming 
processing for the conductive thin film 3021 before electron 
emission. In forming processing, a constant DC voltage or a 
DC voltage which increases at a very low rate of, e.g., 1 
V/min is applied across the conductive thin film 3021 to 
partially destroy or deform the conductive thin film 3021, 
thereby forming the electron-emitting portion 3022 with an 
electrically high resistance. 

[0021] Note that the destroyed or deformed part of the 
conductive thin film 3021 has a fissure. Upon application 
of an appropriate voltage to the conductive thin film 3021 
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after forming processing, electrons are emitted near the 

fissure . 

[0022] 

[Problems to be Solved by the Invention] Since the above 
conventional example employs a stripe- shaped fluorescent 
surface (composed of fluorescent substances and black 
stripes) that is often used in CRTs, a fluorescent surface 
itself can be easily manufactured as well as the area of the 
fluorescent substances per unit area (hereinafter, referred 
to as a fluorescent substance area ratio) can be increased. 
However, in a flat type image display apparatus, in which a 
substrate, on which an electron source is formed, is 
disposed in confrontation with a face plate in a flat state, 
and in which spacers are disposed to keep the distance 
between the substrate and the face plate against atmospheric 
pressure, the spacers must be overlapped with the black 
stripes to make the spacers inconspicuous on an image 
display surface, and it is required to align them with a 
pinpoint accuracy, which make it difficult to manufacture 
the image display apparatus . 

[0023] Further, to execute the alignment of the spacers 
with an allowance, the width of the black stripes must be 
increased at least at the portions where the spacers are 
abutted against the black stripes. When, however, the width 
of the black stripes is partially changed, it is made very 
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conspicuous on a screen . Thus , the width of the black 
stripes where the spacers are disposed must be entirely 
increased. As a result, it is difficult to increase the 
fluorescent substance area ratio when the manufacturing 
allowance for the overall apparatus is taken into 
consideration, from which a problem arises in that this 
arrangement is disadvantageous to increase brightness. 
[0024] An object of the present Invention, which was made 
in view of the above conventional example, is to provide an 
image display method and an image display apparatus capable 
of mounting electron-emitting devices very densely at low 
cost in a flat type image display apparatus having spacers. 
[0025] 

[Means for Solving by the Invention] To achieve the above 
object, an image display apparatus and an image display 
method of the present invention are arranged as described 
below. That is, in the image display apparatus comprising 
an electron source that comprises a plurality of cold 
cathode electron-emitting devices disposed on a substrate, a 
face plate disposed in confrontation with the substrate and 
having an image display surface that includes a plurality of 
colors of fluorescent substances applied onto the inner 
surface thereof to form an image by emitting light when they 
are irradiated with the electrons emitted from the plurality 
of cold cathode electron-emitting devices, and a plurality 
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of spacers for keeping the interval between the substrate 
and the face plate at a predetermined distance, the 
plurality of fluorescent substances, which are partitioned 
in respective colors, are disposed such that the columns of 
the fluorescent substances intersect or obliquely intersect 
the rows of the fluorescent substances disposed along the 
horizontal direction of the image display surface in a grid 
pattern, three color fluorescent substances and a region, 
against which the spacers are abutted, are disposed as one 
set in each of adjacent two rows and two columns of the 
fluorescent substances disposed as above, and the one set of 
the three color fluorescent substances and the region 
constitutes a minimum unit pixel for displaying a color 
image . 

[0026] Further, another invention is arranged such that, in 
the image display method of the image display apparatus 
comprising an electron source that comprises a plurality of 
cold cathode electron-emitting devices disposed on a 
substrate, a face plate disposed in confrontation with the 
substrate and having an image display surface that includes 
a plurality of colors of fluorescent substances applied onto 
the inner surface thereof to form an image by emitting light 
when they are irradiated with the electrons emitted from the 
plurality of cold cathode electron-emitting devices, and a 
plurality of spacers for keeping the interval between the 
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substrate and the face plate at a predetermined distance, 
the plurality of fluorescent substances, which are 
partitioned in respective colors, are disposed such that the 
columns of the fluorescent substances intersect or obliquely 
intersect the rows of the fluorescent substances disposed 
along the horizontal direction of the image display surface 
in a grid pattern, three color fluorescent substances and a 
region, against which the spacers are abutted, are disposed 
as one set in each of adjacent two rows and two columns of 
the fluorescent substances disposed as above, and the one 
set of the three color fluorescent substances and the region 
constitutes a minimum unit pixel for displaying a color 
image . 
[0027] 

[Description of the Embodiments] An image display apparatus 
of the present invention will be explained in detail after 
the characteristic points thereof are summarized first. 
[0028] The image display apparatus of the embodiment of the 
present invention includes at least an electron source that 
includes a plurality of cold cathode electron-emitting 
devices disposed on a substrate, a face plate disposed in 
confrontation with the substrate on which the electron 
source is formed and having a color image display surface 
that includes R, G f B three primary color fluorescent 
substances applied onto the inner surface thereof to form an 
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image by emitting light when they are irradiated with the 
electrons emitted from the plurality of cold cathode 
electron-emitting devices, and a plurality of spacers for 
keeping the interval between the substrate on which the 
electron source is formed and the face plate at a 
predetermined distance. 

[0029] In the image display apparatus, the plurality of 
fluorescent substances, which are partitioned in respective 
colors, are disposed such that the columns of the 
fluorescent substances intersect or obliquely intersect the 
rows of the fluorescent substances disposed along the 
horizontal direction of the image display surface in a grid 
pattern as well as four units of components, i.e., R, G, B 
fluorescent substances and a non-emitting portion, which has 
the same shape as that of the fluorescent substances, are 
disposed as one set in each of adjacent two rows and two 
columns of the fluorescent substances disposed in the rows 
and columns of the fluorescent substances intersecting or 
obliquely intersecting each other so that the R, G, B 
fluorescent substances and the non-emitting portion 
constitute a minimum unit of a pixel for displaying an color 
image, and the image display surface is composed of a 
multiplicity of the pixels disposed continuously. 
[0030] Further, in the image display apparatus in which the 
spacers are abutted against the face plate at the non- 
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emitting portions in the pixels, and the cold cathode 
electron-emitting devices have electron emitting portions 
between electrodes formed flatly on the substrate and emit 
electrons when a voltage is applied between the electrode, 
the voltage is applied to the electron-emitting devices, 
which irradiate electrons to the fluorescent substances 
adjacent to each other in a row direction across the non- 
emitting portions against which the spacers are abutted of 
the non-emitting portions in the pixels in such a manner 
that the direction in which the voltage is applied is 
inverted at least on both the sides of the portions where 
the spacers are abutted so that the directions in which the 
voltage is applied face each other across the spacer 
abutting portions in the row direction. 

[0031] Further, in the embodiment according to the present 
invention, when the non-emitting portions in the pixels are 
made black, they have an effect of improving a contrast. 
[0032] Further, it is preferable that the electron-emitting 
devices of the embodiment according to the present invention 
particularly be surf ace- conduction emission type electron- 
emitting devices among the cold cathode electron-emitting 
devices . 

[0033] In a conventional image display surface, fluorescent 
substances are formed in a stripe shape (FIG. 3). 
[0034] In contrast, in the embodiment according to the 
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present invention, one pixel has R f G, B fluorescent 
substances and a non-emitting portion (shown by S in the 
figure ) that has the same shape as that of the fluorescent 
substances in each of adjacent two rows and two columns in 
intersecting row and column directions as shown in FIG. 6. 
That is, the one pixel is composed of the R, G, B 
fluorescent substances and the non-emitting portion S each 
surrounded by a circle in FIG. 6 (the portion partitioned by 
line A - A 1 in FIG. 7). Then, the image display surface is 
formed by continuously forming these components in X- and Y- 
directions . 

[0035] In order to abut the spacers against the face plate 
inconspicuously in the conventional image display surface , 
the spacers are disposed so as to be concealed by the back 
stripes 3011 which partition the stripe-shaped R, G, B 
fluorescent substances (refer to FIG. 3). For this purpose, 
it is contemplated to dispose thin- sheet -shaped spacers 
along the back stripes 3011. 

[0036] When, however, it is intended to make a display at 
high brightness by applying a high voltage to the 
fluorescent substances, a distance of several millimeters is 
necessary between the face plate and the substrate on which 
the electron-emitting devices are formed. Thus , it is 
preferable that the spacers for keeping the above distance 
be composed of a thin sheet having a thickness of about 200 
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\m in consideration of the yield of the spacers when they 
are processed, 

[0037] The back stripes 3011 formed between the R, G, B 
fluorescent substances can be formed by print and the like 
with a width W2 set to about 100 fxm. 

[0038] However, the width Wl of the black stripes at the 
spacer joint portions (spacer abutting portions) 3013 must 
be set in consideration of the allowance for positional 
displacement (W |im on one side) of the black stripes when 
they are made, in addition to the thickness of the thin 
sheets* Further, the spacers are disposed at intervals of 
several stripes of the fluorescent substances or at 
intervals of several tens of stripes of the fluorescent 
substances (the number and pitch of the spacers to be 
disposed are determined according to the cross sectional 
area of the spacers, the thicknesses of the face plate and 
the substrate on which the devices are formed, and the like) . 
However, when the width of only the black stripes where the 
spacers are disposed is increased, the black stripes at the 
portions are made conspicuous on the screen. To cope with 
this problem, it is preferable to increase the width of the 
black stripes every three primary colors partitioned as 
shown in the figure and to dispose the spacers at an 
arbitrary pitch according to the necessary number of the 
spacers . 
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[0039] Accordingly, the fluorescent substance area ratio in 
the conventional stripe-shaped fluorescent surface is shown 
by the following expression (1) 

((150 x 3/(150 x 3 + 100 x 2 + (200 + 2W) ) ) x 100 (%) ... (1) 
In the above expression, the stripe width of the fluorescent 
substances is set to 150 pun, and each pixel is formed in a 
square shape whose one side is set to 150 x 3 (three color 
fluorescent substances) + 100 x 2 (black stripes) + (200 + 
2W) (spacer abutting portion). When it is assumed W = 25 
the one side of one pixel is set to 900 \m, and thus the 
fluorescent substance area ratio is set to 50%. 
[0040] In contrast, in the embodiment of the present 
invention, when LI = 450 \xm in FIG. 6, one side L2 of each 
fluorescent substance = 350 (tun because the width of the 
black stripes can be set to 100 \xm similarly to the width of 
the conventional black stripes. 

[0041] In the embodiment of the present invention, one 
pixel is formed in a square shape having a side set to 900 
jxm because each pixel is formed of four components arranged 
as one set, i.e., R, G, B fluorescent substances and the 
non- emitting portion that is formed in the same shape as 
that of the fluorescent substances. 

[0042] The fluorescent substance area ratio in this case is 
(350 x 350 x 3)/900 x 900 = 45.4 (%) because the ratio is 
equal to the fluorescent substance area ratio in one pixel. 
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[0043] From the above result, in the embodiment according 
to the present invention, the fluorescent substance area 
ratio is reduced on the image display surface, which seems 
undesirable from the view point of brightness. However, the 
allowance for positional dislocation and the like when the 
spacers are disposed must be taken into consideration here. 
[0044] In FIG, 6, since the non- emitting portion having a 
size of 350 \m square exists in each pixel, the spacer is 
aligned with the non-emitting portion and abutted 
thereagainst . Note that the spacer is preferably formed in 
a circular cylinder shape or a quadrangular prism shape in 
the embodiment in accordance with the shape of the non- 
emitting portion. At this time, when a circular cylindrical 
spacer of, for example, 300 nm dia is used, the alignment 
allowance for the spacer is ±12 5 jxm including the black 
stripe portion in both the X- and Y-directions . Accordingly, 
the alignment allowance for the spacer is greatly Increased 
as compared with a conventional alignment allowance. 
[0045] If the width W of the alignment allowance is set to 
125 ftm in the conventional stripe shape, the fluorescent 
substance area ratio is 40% from the expression (1). In 
this case, however, a pixel pitch is set to 1 mm. Further, 
when the alignment allowance is set to 100 ^m or more while 
maintaining the pixel pitch of 900 \xm, the fluorescent 
substance area ratio is more reduced, which makes it 



- 22 - 



substantially impossible to dispose the fluorescent 
substances in the conventional stripe shape . 
[0046] Conversely, when the alignment allowance is set to 
25 \tm in the embodiment of the present invention, the 
diameter of the spacer can be set to 500 \xm (in the circular 
cylinder shape), which permits the spacers to be made easily. 
[0047] As described above, in the thin type image display 
apparatus arranged on the premise that the spacers are 
disposed according to the embodiment of the present 
invention, the spacers can be very easily assembled in the 
apparatus so as not to be conspicuous as compared with the 
spacers of the conventional image display apparatus. 
[0048] Further, when the arrangement of the fluorescent 
substances and the non-emitting portions of the pixels 
disposed according to the embodiment o the present invention 
is used, a multiplicity of the non-emitting portions in the 
pixels acting as the abutting portions to the spacers 
continuously disposed in the image display surface uniformly 
when they are viewed from various directions while securing 
a sufficient positional allowance for disposing the spacers 
(refer to FIG. 7). Accordingly, when an image is viewed 
from an appropriate distance of view, the non-emitting 
portions are almost inconspicuous. 

[0049] Further, in the embodiment shown in FIGS. 6 and 7, 
the non-emitting portions in the pixels are composed of the 
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same material as that of the black stripes to reduce the 
external light reflectance of the image display surface . 
However, the non-emitting portions may be formed of a 
material having a reflectance near to that of the 
fluorescent substances as shown in the other embodiment of 
the present invention to make the non-emitting portions 
inconspicuous in the image display surface refer to FIG. 22). 
[ 0050 ] The other embodiment according to the present 
invention can obtain particular advantages that cannot be 
obtained by the conventional art as shown below by, for 
example, disposing the flat surface-conduction emission type 
electron-emitting devices and the fluorescent substances in 
a matrix state so that the number of the devices corresponds 
to the number of fluorescent substances in the relationship 
of 1 : 1, disposing a spacer in one dot of the four dots 
adjacent to two rows and two columns, and inverting the 
direction in which a voltage is applied to two devices 
disposed adjacent to each other across the spacer. 1. A 
trapezoid spacer expanding downward can be used to increase 
an atmospheric pressure resistant strength; 

[0051] 2. A large alignment allowance for the spacers can 
be obtained on the device side. 

1 0052 ] Obtaining the large alignment allowance for the 
spacer on the device side as shown in (2) is effective in a 
case in which after spacers are fixed (bonded) by a flit 
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first, a face plate, in which the spacers are fixed on a 
device substrate, is aligned and bonded. In this case, it 
is preferable that an allowance for disposing the spacers be 
larger on the device substrate side than on the face pate 
side. In a process for bonding the spacers, the following 
processing steps are executed. That is, 1. The flit 
(bonding agent) is applied to black stripes. 
[0053] 2. The spacers are bonded on the face plate. 
[0054] 3. The flat is applied to the device substrate. 
[0055] 4. After the device substrate is aligned with the 
face plate on which the spacers are fixed, the spacers are 
bonded to the device substrate, and face plate is bonded to 
the device substrate. Accordingly, it is preferable that a 
space for allowing errors caused in the processes up to that 
time be provided on the device side (on the substrate on 
which the spacers are bonded later), that is, the spacer 
alignment allowance described above be large. It should be 
noted that, actually, it is necessary to allow various 
errors such as the design error of the black stripes , the 
design error of the wirings of the devices, and the like. 
In the embodiment according to the present invention, spaces 
for allowing these errors can be easily obtained. 
[0056] The characteristic points of the embodiment 
according to the present invention have been described. 
Next, the embodiment of the present invention will be 



- 25 - 



described in detail. 

[0057] FIG. 8 is a partially cutaway outer perspective view 
of the display panel 1 used in this embodiment showing the 
internal structure of the display panel 1. 

[0058] In FIG. 8, reference numeral 901 denotes a spacer; 
1005 denotes a rear plate; 1006, a side wall; and 1007, a 
face plate. The rear plate 1005 to face plate 1007 
constitute an airtight container for maintaining the inside 
of the display panel 1 vacuum. 

[0059] To construct the airtight container, it is necessary 
to seal-connect the respective parts to obtain sufficient 
strength and maintain airtight condition. For example, frit 
glass is applied to junction portions, and sintered at 400 
to 500°C in air or nitrogen atmosphere, thus the parts are 
seal-connected. A method for exhausting air from the inside 
of the container will be described later. 
[0060] The rear plate 1005 has a substrate 1001 fixed 
thereon, on which N x M cold cathode devices 1002 are formed. 
(In this case, both N and M are positive integers equal to 2 
or more, and properly set in accordance with a desired 
number of display pixels. For example, in a display 
apparatus for high-resolution television display, N = 3,000 
or more, and M = 1,000 or more are desirable. In this 
embodiment, N = 480 or more, M = 240.) The N x M cold 
cathode devices 1002 are arranged in a simple matrix with M 
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row- direction wirings 1003 and N column-direction wirings 
1004. The structure constituted by the components denoted 
by the substrate 1001 to column-direction wiring 1004 will 
be referred to as a multi electron source. The 
manufacturing method and structure of the multi electron 
source will be described in detail later. 

[0061] In this embodiment, the substrate 1001 of the multi 
electron source is fixed to the rear plate 1005 of the 
airtight container. If, however, the substrate 1001 of the 
multi electron source has sufficient strength, the substrate 
1001 of the multi electron source may also serve as the rear 
plate of the airtight container. 

[0062] A fluorescent film 1008 is formed on the lower 
surface of the face plate 1007. As this embodiment concerns 
a color display apparatus, the fluorescent film 1008 is 
coated with red, green, and blue fluorescent substances, 
i.e., three primary color fluorescent substances used in the 
CRT field. As shown in FIG. 6, fluorescent substances of 
the respective colors are formed into rectangular shapes . 
Further, as shown in FIG. 6, a non-emitting portion (S) 
having the same shape as that of the fluorescent substances 
is formed. Black conductive members 1010 are provided 
between the stripes of the fluorescent substances and to the 
non-emitting portions. In FIG. 6, the non-emitting portions 
are shown in light black for convenience of explanation. 
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[0063] The purpose of providing the black conductive 
members 1010 is to prevent display color misregistration 
even if the irradiation position of an electron beam is 
shifted to some extent, to prevent degradation of display 
contrast by shutting off reflection of external light, to 
prevent the charge-up of the fluorescent film by an electron 
beam, and the like. As a material for the black conductive 
members 1010, graphite is used as a main component, but 
other materials may be used so long as the above purpose is 
attained. 

[0064] Further, a metal back 1009, which is well-known in 
the CRT field, is provided on the fluorescent film 1008 on 
the rear plate side. The purpose of providing the metal 
back 1009 is to improve the light -utilization ratio by 
mirror-reflecting part of the light emitted by the 
fluorescent film 1008, to protect the fluorescent film 1008 
from collision with negative ions , to be used as an 
electrode for applying an electron beam accelerating voltage , 
to be used as a conductive path for electrons which excited 
the fluorescent film 1008, and the like. The metal back 
1009 is formed by forming the fluorescent film 1008 on the 
face plate substrate 1007, smoothing the front surface of 
the fluorescent film, and depositing Al (aluminum) thereon 
by vacuum deposition. 

[ 0065 ] For application of an accelerating voltage or 
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improvement of the conductivity of the fluorescent film, 
transparent electrodes made of ITO or the like may be 
provided between the face plate substrate 1007 and 
fluorescent film 1008, although such electrodes are not used 
in this embodiment . 

[006 6] Further, Dxl to DxM, Dyl to DyN, and Hv are electric 
connection terminals for an airtight structure provided to 
electrically connect the display panel to electric circuits 
(not shown) . The row terminals Dxl to DxM are connected to 
the row-direction wirings 1003 of the multi electron source, 
the column terminals Dyl to DyN are connected to the column - 
direction wirings 1004 of the multi electron source, and the 
terminal Hv is electrically connected to the metal back 1009 
of the face plate. 

[0067] To evacuate the airtight container, the airtight 
container is formed, then an exhaust pipe and vacuum pump 
(neither is shown) are connected, and the airtight container 
is evacuated to a vacuum of about 10" 7 [Torr] . Thereafter, 
the exhaust pipe is sealed. To maintain the vacuum in the 
airtight container, a getter film (not shown) is formed at a 
predetermined position in the airtight container immediately 
before/after sealing. The getter film is formed by heating 
and evaporating a getter material mainly containing, e.g., 
Ba, by a heater or RF heating. The suction effect of the 
getter film maintains a vacuum of 1 x 10" 5 or 1 x 10" 7 [Torr] 
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in the airtight container, 

[0068] The basic structure and manufacturing method of the 
display panel 1 according to this embodiment have been 
briefly described above. 

[0069] A method of manufacturing the multi electron source 
used in the display panel of this embodiment will be 
described below. The multi electron source used in the 
image display apparatus of this embodiment is not 
particularly limited in the material, shape, and 
manufacturing method of the surf ace -conduction emission type 
electron-emitting devices as long as the electron source is 
constituted by wiring the surface-conduction emission type 
electron-emitting devices in a simple matrix. 

[0070] Further, the present inventors have found that among 
the surf ace -conduction emission type electron-emitting 
devices, an electron source having an electron-emitting 
portion or its peripheral portion made of a fine particle 
film is excellent in electron-emitting characteristic and 
can be easily manufactured. 

[0071] Accordingly, such a device can therefore be most 
suitably used for the multi electron source of a high- 
brightness, large-screen image display apparatus. For this 
reason, the display panel of this embodiment uses surface- 
conduction emission type electron-emitting devices each 
having an electron-emitting portion or its peripheral 
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portion made of a fine particle film. The basic structure, 
manufacturing method, and characteristics of the preferred 
surface-conduction emission type electron-emitting device 
will be described first. Then, the structure of the multi 
electron source having many devices arranged in a simple 
matrix will be described. 

(Preferred Structure and Manufacturing Method of 
Surface-Conduction Emission Type Electron-Emitting Device) 
Typical examples of surf ace -conduction emission type 
electron-emitting devices each having an electron-emitting 
portion or its peripheral portion made of a fine particle 
film include two types of devices, namely flat and step type 
devices . 

(Flat Surface-Conduction Emission Type Electron- 
Emitting Device) First, the structure and manufacturing 
method of a flat surface-conduction emission type electron- 
emitting device will be described. FIG. 9(a) is a plan view 
for explaining the structure of the flat surface-conduction 
emission type electron-emitting device, and FIG. 9(b) is a 
sectional view thereof. 

[0072] In FIGS. 9(a) and 9(b), reference numeral 1101 
denotes a substrate; 1102 and 1103, device electrodes; 1104, 
a conductive thin film; 1105, an electron-emitting portion 
formed by forming processing; and 1113, a thin film formed 
by activation processing. 
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[0073] As the substrate 1101, various glass substrates of, 
e.g., quartz glass and soda-lime glass, various ceramic 
substrates of, e.g., alumina, or any of those substrates 
with, e.g., an Si0 2 insulating layer formed thereon can be 
employed. 

[0074] The device electrodes 1102 and 1103, provided in 
parallel to the substrate 1101 and opposing to each other, 
comprise conductive material. For example, any material of 
metals such as Ni, Cr, Au, Mo, W, Pt, Ti # Cu, Pd and Ag, or 
alloys of these metals, otherwise metal oxides such as ln 2 0 3 - 
Sn0 2 , or semiconductive material such as polysilicon, can be 
employed . 

[0075] These electrodes 1102 and 1103 can be easily formed 
by the combination of a film-forming technique such as 
vacuum- evaporation and a patterning technique such as 
photolithography or etching, however, any other method (e.g., 
printing technique) may be employed. 

[0076] The shape of the electrodes 1102 and 1103 is 
appropriately designed in accordance with an application 
object of the electron-emitting device. Generally, an 
interval L between electrodes is designed by selecting an 
appropriate value in a range from several hundreds of 
angstroms to several hundreds one-dimensional micrometers. 
Most preferable range for a display apparatus is from 
several micrometers to several tens of micrometers. As for 



- 32 - 



electrode thickness d, an appropriate value is selected in a 
range from several hundreds of angstroms to several 
micrometers . 

[0077] The conductive thin film 1104 comprises a fine 
particle film. The "fine particle film" is a film which 
contains a lot of fine particles (including masses of 
particles) as film-constituting members. In microscopic 
view, normally individual particles exist in the film at 
predetermined intervals, or in adjacent to each other, or 
overlapped with each other. 

[0078] One particle of the fine particle film has a 
diameter within a range from several angstroms to several 
thousands of angstroms . Preferably, the diameter is within 
a range from 10 angstroms to 200 angstroms. The thickness 
of the fine particle film is appropriately set in 
consideration of conditions as follows . That is , condition 
necessary for electrical connection to the device electrode 
1102 or 1103, condition for forming processing to be 
described later, condition for setting electrical resistance 
of the fine particle film itself to an appropriate value to 
be described later etc, 

[0079] Specifically, the thickness of the film is set in a 
range from several angstroms to several thousands of 
angstroms , more preferably, 10 angstroms to 500 angstroms . 
[0080] Materials used for forming the fine particle film 
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are, e.g., metals such as Pd, Pt, Ru, Ag, Au, Ti, In, Cu, Cr, 
Fe, Zn, Sn, Ta, W, and Pb, oxides such as PdO, Sn0 2 , ln 2 0 3 , 
PbO, and Sb 2 0 3 , borides such as HfB 2 , ZrB 2 , LaB 6/ CeB 6 , YB 4 
and, GdB 4 , carbides such as TiC, ZrC, HfC, TaC, SiC, and WC, 
nitrides such as TiN, ZrN, and HfN, semiconductors such as 
Si and Ge, and carbons. Any of appropriate material(s) is 
appropriately selected. 

[0081] As described above, the conductive thin film 1104 is 
formed with a fine particle film, and sheet resistance of 
the film is set to reside within a range from 10 3 to 10 7 
[Q/sq]. 

[0082] As it is preferable that the conductive thin film 
1104 is electrically connected to the device electrodes 1102 
and 1103, they are arranged so as to overlap with each other 
at one portion. In FIGS. 9(a) and 9(b), the respective 
parts are overlapped in order of, the substrate, the device 
electrodes, and the conductive thin film, from the bottom. 
This overlapping order may be the substrate, the conductive 
thin film, and the device electrodes, from the bottom. 
[0083] The electron-emitting portion 1105 is a fissured 
portion formed at part of the conductive thin film 1104. 
The electron-emitting portion 1105 has a resistance 
characteristic higher than peripheral conductive thin film. 
The fissure is formed by forming processing to be described 
later on the conductive thin film 1104. In some cases. 



- 34 - 



particles, having a diameter of several angstroms to several 
hundreds of angstroms, are arranged within the fissured 
portion. As it is difficult to exactly illustrate actual 
position and shape of the electron-emitting portion, 
therefore, FIGS. 9(a) and 9(b) show the fissured portion 
schematically . 

[0084] The thin film 1113, which comprises carbon or carbon 
compound material, covers the electron-emitting portion 1115 
and its peripheral portion. The thin film 1113 is formed by 
activation processing to be described later after forming 
processing. 

[0085] The thin film 1113 is preferably graphite 
monocrystalline, graphite polycrystalline , amorphous carbon, 
or mixture thereof, and its thickness is 500 angstroms or 
less, more preferably, 300 angstroms or less. As it is 
difficult to exactly illustrate actual position or shape of 
the thin film 1113, FIGS. 9(a) and 9(b) show the film 
schematically. FIG. 9(a) shows the device where part of the 
thin film 1113 is removed. 

[0086] The preferred basic structure of the device is 
described above. In this embodiment, the device has the 
following constituents. 

[0087] That is, the substrate 1101 comprises a soda-lime 
glass, and the device electrodes 1102 and 1103, an Ni thin 
film. The electrode thickness d is 1,000 [angstroms] and 
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the electrode interval L is 2 [micrometers]. 

[0088] The main material of the fine particle film is Pd or 
PdO. The thickness of the fine particle film is about 100 
angstroms, and its width W is 100 micrometers. 
[0089] Next, a method of manufacturing a preferred flat 
surface-conduction emission type electron-emitting device 
will be described. FIGS. 10(a) to 10(e) are sectional views 
for explaining the manufacturing processes of the surface- 
conduction emission type electron-emitting device according 
to this embodiment . Note that reference numerals are the 
same as those in FIGS. 9(a) and 9(b). 

[0090] 1) First, as shown in FIG. 10(a), the device 
electrodes 1102 and 1103 are formed on the substrate 1101 ♦ 
[0091] In forming these electrodes 1102 and lltuo, first, 
the substrate 1101 is fully washed with a detergent, pure 
water and an organic solvent, then, material of the device 
electrodes is deposited there. As a depositing method, a 
vacuum film- forming technique such as evaporation and 
sputtering may be used. 

[0092] Thereafter, patterning using a photolithography 
etching technique is performed on the deposited electrode 
material. Thus, the pair of device electrodes (1102 and 
1103) shown in FIG. 10(a) are formed. 

[0093] 2) Next, as shown in FIG. 10(b), the conductive thin 
film 1104 is formed. 
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[0094] In forming the conductive thin film 1104, first, an 
organic metal solvent is applied to the substrate of FIG. 
10(a), then the applied solvent is dried and sintered, thus 
forming a fine particle film. Thereafter, the fine particle 
film is patterned into a predetermined shape by the 
photolithography etching method. The organic metal solvent 
means a solvent of organic metal compound containing 
material of fine particles, used for forming the conductive 
thin film, as a main element. More specifically, Pd is used 
as a main element in this embodiment . 

[0095] In this embodiment, application of organic metal 
solvent is made by dipping, however, any other method such 
as a spinner method and spraying method may be employed. 
[0096] As a film-forming method of the conductive thin film 
made with the fine particle film, application of organic 
metal solvent used in this embodiment can be replaced with 
any other method such as a vacuum evaporation method, a 
sputtering method or a chemical vapor-phase accumulation 
method. 

[0097] 3) Then, as shown in FIG. 10(c), an appropriate 
voltage is applied between the device electrodes 1102 and 
1103, from a power source 1110 for forming processing, then 
forming processing is performed, thus forming the electron- 
emitting portion 1105. 

[0098] The forming processing here is electric energization 
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of a conductive thin film 1104 made of a fine particle film 
to appropriately destroy, deform, or deteriorate part of the 
conductive thin film, thus changing the film to have a 
structure suitable for electron emission . Of the conductive 
thin film made of the fine particle film, the portion 
changed for electron emission (i.e., electron-emitting 
portion 1105 ) has an appropriate fissure in the thin film. 
[0099] Comparing the thin film 1104 having the electron- 
emitting portion 1105 with the thin film before forming 
processing, the electrical resistance measured between the 
device electrodes 1102 and 1103 has greatly increased. 
[0100] The electrification method will be explained in more 
detail with reference to FIG. 11 showing an example of 
waveform of appropriate voltage applied from the forming 
power source 1110. Preferably, in case of forming a 
conductive thin film of a fine particle film, a pulse -like 
voltage is employed . In this embodiment , as shown in FIG . 
11, a triangular-wave pulse having a pulse width Tl is 
continuously applied at pulse interval of T2 . Upon 
application, a peak value Vpf of the triangular-wave pulse 
is sequentially increased. Further, a monitor pulse Pm to 
monitor status of forming the electron-emitting portion 1105 
is inserted between the triangular-wave pulses at 
appropriate intervals , and current that flows at the 
insertion is measured by a galvanometer 1111. 
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[0101] In this embodiment, in 10" 5 [Torr] vacuum atmosphere, 
the pulse width Tl is set to 1 [msec]; and the pulse 
interval T2, to 10 [msec]. The peak value Vpf is increased 
by 0.1 V, at each pulse. Each time the triangular-wave has 
been applied for five pulses, the monitor pulse Pm is 
inserted. To avoid ill-effecting forming processing, a 
voltage Vpm of the monitor pulse is set to 0.1 [V] . When 
the electrical resistance between the device electrodes 1102 
and 1103 becomes 1 x 10 6 [Q], i.e., the current measured by 
the galvanometer 1111 upon application of monitor pulse 
becomes 1 x 10 7 [A] or less, the electrification of forming 
processing is terminated. 

[0102] Note that the above processing method is preferable 
to the surface-conduction emission type electron-emitting 
device of this embodiment. In case of changing the design 
of the surface-conduction emission type electron-emitting 
device concerning, e.g., the material or thickness of the 
fine particle film, or the device electrode interval L, the 
conditions for electrification are preferably changed in 
accordance with the change of device design. 

[0103] 4) Next, as shown in FIG. 10(d), appropriate voltage 
is applied, from an activation power source 1112, between 
the device electrodes 1102 and 1103, and activation 
processing is performed to improve electron-emitting 
characteristic . 
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[0104] The activation processing here is electrification of 
the electron-emitting portion 1105 formed by forming 
processing, on appropriate condition ( s ) , for depositing 
carbon or carbon compound around the electron-emitting 
portion 1105. (In FIG. 10(d), the deposited material of 
carbon or carbon compound is shown as material 1113.) 
Comparing the electron-emitting portion 1105 with that 
before activation processing, the emission current at the 
same application voltage has become, typically 100 times or 
greater. 

[0105] Specifically, activation is made by periodically 
applying a voltage pulse in 10* 4 or 10" 5 [Torr] vacuum 
atmosphere, to accumulate carbon or carbon compound mainly 
derived from organic compound(s) existing in the vacuum 
atmosphere. The accumulated material 1113 is any of 
graphite monocrystalline , graphite polycrystalline , 
amorphous carbon or mixture thereof . The thickness of the 
accumulated material 1113 is 500 [angstroms] or less, more 
preferably, 300 [angstroms] or less. 

[0106] The electrification method will be described in more 
detail with reference to FIG. 12(a) showing an example of 
waveform of appropriate voltage applied from the activation 
power source 1112. In this embodiment, activation 
processing is performed by periodically applying a 
rectangular wave at a predetermined voltage. A rectangular- 
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wave voltage Vac is set to 14 [V]; a pulse width T3, to 1 
[msec]; and a pulse interval T4, to 10 [msec], 
[0107] Note that the above electrification conditions are 
preferable for the surface-conduction emission type 
electron-emitting device of this embodiment. In the case in 
which the design of the surface-conduction emission type 
electron-emitting device is changed, the electrification 
conditions are preferably changed in accordance with the 
change of device design ♦ 

[0108] In FIG. 10(d), reference numeral 1114 denotes an 
anode electrode, connected to a DC high- voltage power source 
1115 and galvanometer 1116, for capturing emission current 
Ie emitted from the surface-conduction emission type 
electron-emitting device . 

[0109] Note that in the case in which the substrate 1101 is 
incorporated into the display panel before activation 
processing, the fluorescent surface of the display panel is 
used as the anode electrode 1114. 

[0110] While applying voltage from the activation power 
source 1112 , the galvanometer 1116 measures the emission 
current Ie, thus monitors the progress of activation 
processing, to control the operation of the activation power 
source 1112. FIG. 12(b) shows an example of the emission 
current Ie measured by the galvanometer 1116. As 
application of pulse voltage from the activation power 
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source 1112 is started in this manner, the emission current 
Ie increases with elapse of time, gradually comes into 
saturation, and almost never increases then. At the 
substantial saturation point, the voltage application from 
the activation power source 1112 is stopped, then activation 
processing is terminated. 

[0111] Note that the above electrification conditions are 
preferable to the surface-conduction emission type electron- 
emitting device of this embodiment. In case of changing the 
design of the surface-conduction emission type electron- 
emitting device, the conditions are preferably changed in 
accordance with the change of device design. 

[0112] As described above, the surface-conduction emission 
type electron-emitting device as shown in FIG. 10(e) is 
manufactured. (Step Surface-Conduction Emission Type 
Electron-Emitting Device) Next, another typical structure 
of the surface-conduction emission type electron-emitting 
device where an electron-emitting portion or its peripheral 
portion is formed of a fine particle film, i.e., a stepped 
surf ace -conduction emission type electron- emitting device 
will be described. 

[0113] FIG. 13 is a sectional view schematically showing 
the basic construction of the step surface-conduction 
emission type electron-emitting device. Referring to FIG. 
13, reference numeral 1201 denotes a substrate; 1202 and 
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1203, device electrodes; 1206, a step-forming member for 
making height difference between the electrodes 1202 and 
1203; 1204, a conductive thin film using a fine particle 
film; 1205, an electron-emitting portion formed by forming 
processing; and 1213, a thin film formed by activation 
processing. 

[0114] Difference between the step device from the above- 
described flat device is that one of the device electrodes 
(1202) is provided on the step-f orming member 1206 and the 
conductive thin film 1204 covers the side surface of the 
step-forming member 1206. 

[0115] Accordingly, the device interval L of the flat 
surface type in FIG. 9(a) is set as a height difference Ls 
corresponding to the height of the step-forming member 1206. 
[0116] Note that the substrate 1201, device electrodes 1202 
and 1203, conductive thin film 1204 using the fine particle 
film can comprise the materials given in the explanation of 
the flat surface-conduction emission type electron-emitting 
device. Further, the step-forming member 1206 comprises 
electrically insulating material such as Si0 2 . 
[0117] Next, a method of manufacturing the stepped surface- 
conduction emission type electron-emitting device will be 
described. FIGS. 14(a) to 14(f) are sectional views showing 
the manufacturing processes. In these figures, reference 
numerals of the respective parts are the same as those in 
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FIG. 13. 

[0118] 1) First, as shown in FIG. 14(a) # the device 
electrode 1203 is formed on the substrate 1201. 
[0119] 2) Next, as shown in FIG. 14(b), an insulating layer 
for forming the step-forming member is deposited. The 
insulating layer may be formed by accumulating, e.g., Si0 2 
by a sputtering method, however, the insulating layer may be 
formed by a film-forming method such as a vacuum evaporation 
method or a printing method. 

[0120] 3) Next, as shown in FIG. 14(c), the device 
electrode 1202 is formed on the insulating layer. 
[0121] 4) Next, as shown in FIG. 14(d), part of the 
insulating layer is removed by using, e.g., an etching 
method, to expose the device electrode 1203. 

[0122] 5) Next, as shown in FIG. 14(e), the conductive thin 
film 1204 using the fine particle film is formed. Upon 
formation , similar to the above-described flat device 
structure , a film-forming technique such as an applying 
method is used. 

[0123] 6) Next, similar to the flat device structure, 
forming processing is performed to form an electron-emitting 
portion. (Forming processing similar to that explained 
using FIG. 10(c) may be performed.) 7) Next, similar to the 
flat device structure, activation processing is performed to 
deposit carbon or carbon compound around the electron- 
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emitting portion. (Activation Processing Similar to that 
Explained using FIG. 10(d) may be Performed) As described 
above, the stepped surface-conduction emission type 
electron-emitting device shown in FIG. 14(f) is manufactured. 
[0124] 

(Characteristic of Surface-Conduction Emission Type 
Electron-Emitting Device Used in Display Apparatus) The 
structure and manufacturing method of the flat surface- 
conduction emission type electron-emitting device and those 
of the stepped surface-conduction emission type electron- 
emitting device are as described above. Next, the 
characteristic of the electron- emitting device used in the 
display apparatus will be described below. 

[0125] FIG. 15 shows a typical example of (emission current 
Ie) to (device application voltage Vf ) characteristic and 
(device current If) to (device application voltage Vf) 
characteristic of the device used in the display apparatus. 
[0126] Note that compared with the device current If, the 
emission current Ie is very small, therefore it is difficult 
to illustrate the emission current Ie by the same measure of 
that for the device current If. In addition, these 
characteristics change due to change of designing parameters 
such as the size or shape of the device. For these reasons, 
two lines in the graph of FIG. 15 are respectively given in 
arbitrary units. 
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[0127] Regarding the emission current Ie, the device used 
in the display apparatus has three characteristics as 
follows : 

[0128] First, when voltage of a predetermined level 
(referred to as "threshold voltage Vth" ) or greater is 
applied to the device, the emission current Ie drastically 
increases, however, with voltage lower than the threshold 
voltage Vth, almost no emission current Ie is detected. 
[0129] That is, regarding the emission current Ie, the 
device has a nonlinear characteristic based on the clear 
threshold voltage Vth. 

[0130] Second, the emission current Ie changes in 
dependence upon the device application voltage Vf . 
Accordingly, the emission current Ie can be controlled by 
changing the device voltage Vf . 

[0131] Third, the current Ie is output quickly in response 
to application of the device voltage Vf to the device. 
Accordingly, an electrical charge amount of electrons to be 
emitted from the device can be controlled by changing period 
of application of the device voltage Vf . 
[0132] The surface-conduction emission type electron- 
emitting device with the above three characteristics is 
preferably applied to the display apparatus. For example, 
in a display apparatus having a large number of devices 
provided corresponding to the number of pixels of a display 
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screen , if the first characteristic is utilized, display by 
sequential scanning of display screen is possible . This 
means that the threshold voltage Vth or greater is 
appropriately applied to a driven device in accordance with 
a desired emission luminance, while voltage lower than the 
threshold voltage Vth is applied to an unselected device. 
In this manner, sequentially changing the driven devices 
enables display by sequential scanning of display screen. 
[0133] Further, emission luminance can be controlled by 
utilizing the second or third characteristic, which enables 
multi-gradation display. (Structure of Multi Electron 
Source With Many Devices Arranged in Simple Matrix) Next, 
the structure of the multi electron source having the above- 
described surf ace -conduction emission type electron -emitting 
devices arranged on the substrate in a simple matrix will be 
described below. 

[0134] FIG- 16 is a plan view of the multi electron source 
used in the display panel 1 in FIG. 8. There are surface - 
conduction emission type electron -emitting devices like the 
one shown in FIGS . 9(a) and 9(b) on the substrate . These 
devices are arranged in a simple matrix with the row- and 
column-direction wirings 1003 and 1004 . At an intersection 
of the row- and column-direction wirings 1003 and 1004, an 
insulating layer (not shown) is formed between the wires, to 
maintain electrical insulation . 



- 47 - 



[0135] FIG. 17 shows a section taken along the line A-A f in 
FIG. 16. 

[0136] Note that a multi electron source having such a 
structure is manufactured by forming the row- and column- 
direction wirings 1003 and 1004, the inter- electrode 
insulating layers (not shown), and the device electrodes and 
conductive thin films of the surface-conduction emission 
type electron-emitting devices on the substrate, then 
supplying electricity to the respective devices via the row- 
and column-direction wirings 1003 and 1004, thus performing 
forming processing and activation processing. 
[0137] Further, in the embodiment according to the present 
invention, the R, G, B fluorescent substances are located 
over the two rows, the electron-emitting device 
corresponding to one pixel must be driven to emit electrons 
from two rows of simple matrix wirings . 

[0138] Finally, assembly of the spacers, the face plat, and 
the rear plate (or device substrate) will be explained using 
FIGS. 6, 7, and 18. 

[0139] In the embodiment, a glass bar composed of soda-lime 
glass and having a diameter of 300 and a length of 4 mm 

is sued as the material of the spacers 901. 
[0140] First, after the spacer member is set to an 
appropriate jig so that it stands at a desired position and 
is joined, a flat glass is applied to an abutment portion 
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902 where the spacer member is abutted against the face 
plate 1011 (composed of the glass 1007, the fluorescent film 
1008, and the metal back 1009) and baked at 400 to 500°C in 
a state in which the face plate is aligned with the 
respective spacers by the jig, and the spacers 901 are fixed 
to the face plate 1011. 

[0141] Thereafter, the flit glass is applied to the portion 
where the face plate 1011 is joined to the rear plate 1005 
through the support frame 1006 and baked, thereby a vacuum 
container is completed . 

[0142] In the above operation, it is not necessary for the 
spacers 901 to be abutted against all the non-emitting 
portions of the pixels and may be disposed at a pitch which 
provides the container with a strength for enabling the 
container to endure atmospheric pressure . Accordingly , 
there may be a case in which the spacers 901 are not abutted 
against some of the non-emitting portions in the pixels as 
shown in, for example, FIG* 18. However, it is essential 
that the non-emitting portions equally exit in the 
respective pixels to maintain the continuity of a displayed 
image ( that is , the non-emitting portions are inconspicuous 
on a screen) . 

[0143] Note that the baking temperature and crystallinity 
of the flint glass must be selected so that the spacers 
having been positioned are not moved when the support frame 
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1006 is baked. Further, it is needless to say that the 
height of the support frame 1006 must be matched to the 
height of the spacers 901. 

[0144] As described above, the spacers 901 having been 
positioned comes into contact with the device substrate at, 
for example, a position shown by a dotted circle shown in 
FIG . 16 on the device substrate . 

[0145] As described above, according to the first 
embodiment of the present invention, the spacers can be very 
easily aligned in the flat type image display apparatus 
having the spacers as compared with the conventional flat 
type image display apparatus. Further, there can be 
obtained the image display apparatus having high brightness 
because reduction of the ratio of the fluorescent substance 
area to the image display surface is minimized while 
maintaining an advantage that the portions where the spacers 
are joined to the image display surface are inconspicuous. 
[0146] Note that the disposition of the R, G, B fluorescent 
substances is not limited to that shown in FIGS. 6 and 7, 
and even if the positions thereof are changed according to a 
purpose, the advantage of the present invention can be 
obtained likewise . 

[0147] [Second Embodiment] Next, a second embodiment of 
the present invention will be described. 

[ 0148 ] While description of the arrangement of an overall 
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image display apparatus is omitted because it is the same as 
that of the first embodiment, flat surface-conduction 
emission type electron-emitting devices are used as 
electron-emitting devices in the embodiment. 
[0149] In the flat surface-conduction emission type 
electron-emitting device, the electrons emitted from the 
device are deflected toward the positive pole of a device 
electrode until they reach a fluorescent surface 1114 as 
briefly shown in FIG. 10(d). 

[0150] A reason why the electrons are deflected is not 
sufficiently found because a mechanism for emitting 
electrons from the surf ace -conduction emission type 
electron-emitting device is not apparent. However, the 
inventors have contemplated that the electrons emitted from 
the device are subjected to a deflecting action by a 
potential difference between device electrodes in the 
vicinity of the electron-emitting portion just after they 
are emitted so that the positions of the electrons are 
displaced from just above the electron-emitting portion 
toward the positive pole of the device electrode. 
[0151] This embodiment has been achieved for the purpose of 
increasing the allowance for positional displacement of 
spacers when they are disposed and for increasing the 
strength of spacers by increasing the sectional areas of the 
spacers making use of the above property. 
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[0152] The embodiment will be specifically explained using 
figures . 

[0153] The image display surface of the embodiment is 
arranged as shown in FIGS. 6 and 7 similarly the first 
embodiment . 

[ 0154 ] In this embodiment , however, a voltage is applied 
along a row direction to the electron-emitting devices, 
which irradiate electrons to the fluorescent substances 
adjacent to each other in the row direction across the non- 
emitting portions against which the spacers are abutted of 
the non-emitting portions in the pixels shown in FIGS. 6 and 
7 (this is similar also in the first embodiment) as well as 
the direction in which the voltage is applied is inverted at 
least on both the sides of the portions where the spacers 
are abutted so that the directions in which the voltage is 
applied face each other across the spacer abutting portions 
in the row direction. 

[0155] The non-emitting portions in the pixels located at 
portions other than the spacer abutting portions are 
utilized by the devices to which the voltage is applied in 
the inverted direction. In this embodiment, since the non- 
emitting portions preexist as constituents in the pixels, it 
is not difficult to invert the direction in which the 
voltage is applied on both the sides of the spacer abutting 
portions in the manufacture of the image display apparatus. 
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[0156] FIG- 19 is a view corresponding to FIG. 16 of the 
first embodiment and also shows the pixels corresponding to 
the electron-emitting devices. 

[0157] In FIG. 19, S denotes a non-emitting portion to 
which a spacer is joined in abutment therewith, and S 1 shows 
a non-emitting portion against which no spacer is abutted. 
G denotes positions of green fluorescent substances. 
[0158] As can be found from FIG- 19, the direction in which 
the voltage is applied to the device (the direction to a 
positive electrode is referred to as a positive direction) 
is inverted on at least both the sides of the spacer 
abutting portion so that the voltage is directed to the 
spacer abutting portion. Accordingly, in FIG. 19, the 
devices are wired such that the direction in which the 
voltage is applied is inverted in the devices corresponding 
to the lower portions of the non-emitting portions S' which 
are not the spacer abutting portions . 

[0159] When FIG. 16 is compared with FIG. 19, since devices 
are formed every one column in the row of devices 
corresponding to the row in which the non-emitting portions 
preexist in the pixels, the row direction in which the 
voltage is applied can be inverted only by changing the 
disposition of the devices in the column direction from the 
continuation of device /vacancy to the continuation of device, 
device/vacancy, vacancy. Specifically, a positive voltage 
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is applied to the wirings of the column direction, and the 
connection of the column direction wirings to the electrodes 
of the devices is inverted in an X-direction (= row 
direction) (FIG. 19) . 

[0160] According to the embodiment, an allowance for 
disposition, which is larger than that of the first 
embodiment, can be made in the device portion under the 
spacer abutting portion S as shown by T surrounded by a 
dotted line in FIG, 19. An allowance for positional 
alignment can be increased by the above arrangement, thereby 
the apparatus can be manufactured more easily. 
[0161] Further, even if a sufficient allowance for 
positional alignment, which is as large as that of the first 
embodiment, is provided, the sectional areas of the spacers 
901 on the device substrate side can be increased as shown 
in FIG. 20. 

[0162] In FIG. 20, spacers having a lateral section formed 
in a trapezoid are used as the spacers 901. In this case, 
since the number of the spacers can be reduced, the 
apparatus can be manufactured easily. 

[0163] When the number of the spacers is unchanged, the 
strength of the apparatus can be increased, which enables 
the thickness of the face plate and the rear plate to be 
reduced, thereby the weight of the apparatus can be reduced. 
[0164] In the embodiment, an amount of deflection of a 
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electron beam until it reaches the fluorescent substances (D 
in FIG . 20) is changed according to a voltage applied to the 
devices, a voltage applied to the fluorescent substances, 
the distance H between the devices and the fluorescent 
substances, and the like. Therefore, the apparatus of the 
embodiment can be manufactured in accordance with a desired 
pitch (row direction) of the fluorescent substances by 
variably setting the above parameters according to the pitch 
of the fluorescent substances, and the like. 
[0165] The pixels of the second embodiment have the same 
shape as that of the pixels of the first embodiment. The 
disposition of the R, G, B fluorescent substances in each 
pixel is not limited to that shown in FIGS. 6 and 7, and the 
same advantage can be obtained even if the fluorescent 
substances are disposed differently. 

[0166] [Third Embodiment] FIG. 21 shows an image display 
surface of an image display apparatus of a third embodiment 
of the present invention. 

[0167] The arrangement of the overall apparatus and the 

manufacturing method thereof are not explained because they 

are the same as those of the first embodiment. 

[0168] In the embodiment, a pixel train in a Y-direction 

(Yl - Yl') obliquely intersects a row (X - X 1 )- 

[0169] Also in this embodiment, each pixel, which is 

composed of R, G, B fluorescent substances and an emitting 
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portion having the same shape as that of the fluorescent 
substances, is disposed in two rows and two columns 
similarly to the first embodiment . 

[0170] However, electron-emitting devices must be formed 
such that they are displaced half pitch every row different 
from the case in which a row intersects a column. 
[0171] This embodiment has the same advantage as that of 
the embodiments described above because the rows where non- 
emitting portions exist are arranged similarly to those of 
the embodiments described above. 

[017 2] Further, in this embodiment, the direction 
dependency of a displayed image is made more inconspicuous, 
and thus uniform resolution can be obtained because the 
three primary color fluorescent substances are disposed in a 
delta state. As a result, an image display apparatus 
capable of displaying a sharp image can be obtained. 
[0173] [Fourth Embodiment] FIG. 22 shows an image display 
surface of an image display apparatus of a fourth embodiment 
of the present invention* The arrangement of the overall 
apparatus and the manufacturing method thereof are not 
explained because they are the same as those of the first 
embodiment . 

[0174] In this embodiment, the non-emitting portion in a 
pixel is composed of a member having a reflectance similar 
to that the fluorescent substances in place of that it is 
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composed of a black member similar to that used in a black 
stripe . 

[0175] Specifically, the non-emitting portions are formed 
by a print method using gray ceramic or the like that has a 
particle size similar to that of the fluorescent substances 
(about 10 \xm) and is mixed with a print binder similarly to 
the fluorescent substances . 

[0176] This embodiment has the same advantage as that of 
the embodiments described above because the arrangement of 
the pixels in which the non-emitting portions exist is the 
same as those of the embodiments described above, 
[0177] Further, since the non-emitting portions have an 
external light reflectance similar to that of the 
fluorescent substances, this embodiment has an advantage 
that the non-emitting portions are more inconspicuous than 
those of the embodiments described above . 

[0178] Since a contract can be improved by decreasing the 
external light reflectance, it is ordinarily preferable to 
form the non-emitting portions of a black member. When, 
however, the fluorescent substances have sufficient 
brightness, the contrast can be improved by decreasing the 
external light reflectance by reducing the transmittance of 
a face plate glass. Accordingly, an image display apparatus 
having higher display quality can be obtained by 
appropriately using the embodiment in accordance with the 
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application purpose of the apparatus . 

[0179] FIG, 23 is a block diagram showing an example of a 
multi-functional display apparatus capable of displaying 
image information provided from various image information 
sources such as television broadcasting on the display panel 
using the surf ace -conduction emission type electron-emitting 
device described above as an electron-beam source* In FIG* 
23, reference numeral 2100 denotes the above-mentioned 
display panel; 2101, a driving circuit for the display 
panel; 2102, a display controller; 2103, a multiplexer; 2104, 
a decoder; 2105, an I/O interface circuit; 2106, a CPU; 2107, 
an image generation circuit; 2108, 2109, and 2110, image 
memory interface circuits; 2111, an image input interface 
circuit, 2112 and 2113, TV signal reception circuits; and 
2114, an input portion. 

[0180] Note that in the display apparatus, upon reception 
of a signal containing both video information and audio 
information such as a TV signal, the video information is 
displayed while the audio information is reproduced. A 
description of a circuit or speaker for reception, division, 
reproduction, processing, storage, or the like of the audio 
information, which is not directly related to the features 
of the present invention, will be omitted. 
[0181] The functions of the respective parts will be 
explained in accordance with the flow of an image signal • 
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[0182] The TV signal reception circuit 2113 receives a TV 
image signal transmitted using a radio transmission system 
such as radio waves or spatial optical communication. The 
scheme of the TV signal to be received is not particularly- 
limited, and is the NTSC scheme, the PAL scheme, the SECAM 
scheme, or the like. A more preferable signal source to 
take the advantages of the display panel realizing a large 
area and a large number of pixels is a TV signal (e.g., a 
so-called high-quality TV of the MUSE scheme or the like) 
made up of a larger number of scanning lines than that of 
the TV signal of the above scheme. The TV signal received 
by the TV signal reception circuit 2113 is output to the 
decoder 2104. 

[0183] The TV signal reception circuit 2112 receives a TV 
image signal transmitted using a wire transmission system 
such as a coaxial cable or optical fiber. The scheme of the 
TV signal to be received is not particularly limited, as in 
the TV signal reception circuit 2113. The TV signal 
received by the circuit 2112 is also output to the decoder 
2104. 

[0184] The image input interface circuit 2111 receives an 
image signal supplied from an image input device such as a 
TV camera or image read scanner, and outputs it to the 
decoder 2104 . 

[0185] The image memory interface circuit 2110 receives an 
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image signal stored in a video tape recorder (to be briefly 
referred to as a VTR hereinafter) , and outputs it to the 
decoder 2104. 

[0186] The image memory interface circuit 2109 receives an 
image signal stored in a video disk, and outputs it to the 
decoder 2104. 

[0187] The image memory interface circuit 2108 receives an 
image signal from a device storing still image data such as 
a so-called still image disk, and outputs the received still 
image data to the decoder 2104. 

[0188] The I/O Interface circuit 2105 connects the display 
apparatus to an external computer, computer network, or 
output device such as a printer. The I/O interface circuit 
2105 allows inputting/output ting image data, character data, 
and graphic information, and in some cases inputting/ 
outputting a control signal and numerical data between the 
CPU 2106 of the display apparatus and an external device. 
[0189] The image generation circuit 2107 generates display 
image data on the basis of image data or character /graphic 
information externally input via the I/O interface circuit 
2105, or image data or character/graphic information output 
from the CPU 2106. 

[0190] This circuit 2107 incorporates circuits necessary to 
generate images such as a programmable memory for storing 
image data and character/ graphic information, a read-only 
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memory storing image patterns corresponding to character 
codes, and a processor for performing image processing. 
Display image data generated by the circuit 2107 is output 
to the decoder 2104. In some cases, display image data can 
also be input /output from/ to an external computer network or 
printer via the I/O interface circuit 2105. 

[0191] The CPU 2106 mainly performs control of operation of 
this display apparatus, and operations about generation, 
selection, and editing of display images. 

[0192] For example, the CPU 2106 outputs a control signal 
to the multiplexer 2103 to properly select or combine image 
signals to be displayed on the display panel. At this time, 
the CPU 2106 generates a control signal to the display panel 
controller 2102 in accordance with image signals to be 
displayed, and appropriately controls the operation of the 
display apparatus in terms of the screen display frequency, 
the scanning method (e.g. , interlaced or non-interlaced 
scanning), the number of scanning lines for one frame, and 
the like. 

[0193] The CPU 2106 directly outputs image data or 
character/ graphic information to the image generation 
circuit 2107. In addition, the CPU 2106 accesses an 
external computer or memory via the I/O interface circuit 
2105 to input image data or character /graphic information. 
[0194] The CPU 2106 may also be concerned with operations 
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for other purposes. For example, the CPU 2106 can be 
directly concerned with the function of generating and 
processing information, like a personal computer or 
wordprocessor . 

[0195] Alternatively, the CPU 2106 may be connected to an 
external computer network via the I/O interface circuit 2105 
to perform operations such as numerical calculation in 
cooperation with the external device, 

[0196] The input portion 2114 allows the user to input an 
instruction, program, or data to the CPU 2106. As the input 
portion 2114, various input devices such as a joystick, bar 
code reader, and speech recognition device are available in 
addition to a keyboard and mouse. 

[0197] The decoder 2104 inversely converts various image 
signals input from the circuits 2107 to 2113 into three 
primary color signals, or a luminance signal and I and Q 
signals. As is indicated by the dotted line in FIG. 23, the 
decoder 2104 desirably incorporates an image memory in order 
to process a TV signal of the MUSE scheme or the like which 
requires an image memory in inverse conversion. This image 
memory advantageously facilitates display of a still image, 
or image processing and editing such as thinning, 
interpolation, enlargement, reduction, and synthesis of 
images in cooperation with the image generation circuit 2107 
and CPU 2106. 
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[0198] The multiplexer 2103 appropriately selects a display 
image on the basis of a control signal input from the CPU 
2106. More specifically, the multiplexer 2103 selects a 
desired one of the inversely converted image signals input 
from the decoder 2104, and outputs the selected image signal 
to the driving circuit 2101. In this case, the image 
signals can be selectively switched within a 1-frame display 
time to display different images in a plurality of areas of 
one frame, like a so-called multiwindow television. 
[0199] The display panel controller 2102 controls the 
operation of the driving circuit 2101 on the basis of a 
control signal input from the CPU 2106. 

[0200] As for the basic operation of the display panel, the 
display panel controller 2102 outputs, e.g., a signal for 
controlling the operation sequence of a driving power source 
(not shown) of the display panel to the driving circuit 2101. 
As for the method of driving the display panel, the display 
panel controller 2102 outputs , e.g., a signal for 
controlling the screen display frequency or scanning method 
(e.g., interlaced or non-interlaced scanning) to the driving 
circuit 2101 . 

[0201] In some cases, the display panel controller 2102 
outputs to the driving circuit 2101 a control signal 
concerning adjustment of the image quality such as the 
brightness , contrast , color tone , or sharpness of a display 
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image . 

[0202] The driving circuit 2101 generates a driving signal 
to be applied to the display panel 2100, and operates based 
on an image signal input from the multiplexer 2103 and a 
control signal input from the display panel controller 2102. 
[0203] The functions of the respective parts have been 
described. The arrangement of the display apparatus shown 
in FIG. 23 makes it possible to display image information 
input from various image information sources on the display 
panel 2100. 

[0204] More specifically, various image signals such as 
television broadcasting image signals are inversely 
converted by the decoder 2104, appropriately selected by the 
multiplexer 2103, and supplied to the driving circuit 2101. 
On the other hand, the display controller 2102 generates a 
control signal for controlling operation of the driving 
circuit 2101 in accordance with an image signal to be 
displayed. The driving circuit 2101 applies a driving 
signal to the display panel 2100 on the basis of the image 
signal and control signal ♦ As a result , the image is 
displayed on the display panel 2100. A series of operations 
are systematically controlled by the CPU 2106. 
[0205] In the display apparatus, the image memory 
incorporated in the decoder 2104, the image generation 
circuit 2107, and the CPU 2106 can cooperate with each other 
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to simply display selected ones of a plurality of pieces of 
image information and to perform, for the image information 
to be displayed, image processing such as enlargement, 
reduction , rotation , movement , edge emphasis , thinning , 
interpolation, color conversion, and conversion of the 
aspect ratio of an image, and image editing such as 
synthesis , erasure , connection , exchange , and pasting . 
[0206] Although not described in this embodiment, an audio 
circuit for processing and editing audio information may be 
arranged, similar to the image processing and the image 
editing. 

[0207] The display apparatus can therefore function as a 
display device for television broadcasting, a terminal 
device for video conferences, an image editing device for 
processing still and dynamic images, a terminal device for a 
computer, an office terminal device such as a wordprocessor , 
a game device, and the like. This display apparatus is 
useful for industrial and business purposes and can be 
variously applied. 

[0208] FIG. 23 merely shows an example of the arrangement 
of the display apparatus using the display panel having the 
surf ace -conduct ion emission type electron- emitting device as 
an electron beam source. The present invention is not 
limited to this, as a matter of course. For example, among 
the constituents in FIG. 23, a circuit associated with a 
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function unnecessary for the application purpose can be 
eliminated from the display apparatus . 

[0209] To the contrary, another constituent can be added to 
the display apparatus in accordance with the application 
purpose. For example, when the display apparatus is used as 
a television telephone set, transmission and reception 
circuits including a television camera, audio microphone, 
lighting, and modem are preferably added as constituents. 
[0210] In the display apparatus, since particularly the 
display panel using the surface-conduction emission type 
electron-emitting device as an electron beam source can be 
easily made thin, the width of the whole display apparatus 
can be decreased. In addition to this, the display panel 
using the surface-conduction emission type electron-emitting 
device as an electron beam source is easily increased in 
screen size and has a high brightness and a wide view angle. 
This display apparatus can therefore display an impressive 
image with reality and high visibility. 

[0211] The present invention may be applied to a system 
constituted by a plurality of devices (e.g., a host computer, 
interface device, reader, and printer) or an apparatus 
comprising a single device (e.g., a copying machine or 
facsimile apparatus) . 

[ 0212 ] As described above , according to the embodiment of 
the present invention, in the image display apparatus 
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including at least an electron source that includes a 
plurality of cold cathode electron-emitting devices disposed 
on a substrate, a face plate disposed in confrontation with 
the substrate on which the electron source is formed and 
having a color image display surface that includes R, G, B 
three primary color fluorescent substances applied onto the 
inner surface thereof to form an image by emitting light 
when they are irradiated with the electrons emitted from the 
plurality of cold cathode electron-emitting devices, and a 
plurality of spacers for keeping the interval between the 
substrate on which the electron source is formed and the 
face plate at a predetermined distance, the plurality of 
fluorescent substances, which are partitioned in respective 
colors , are disposed such that the columns of the 
fluorescent substances intersect or obliquely intersect the 
rows of the fluorescent substances disposed along the 
horizontal direction of the image display surface in a grid 
pattern as well as four units of components, i.e., R, G, B 
fluorescent substances and a non-emitting portion, which has 
the same shape as that of the fluorescent substances , are 
disposed as one set in each of adjacent two rows and two 
columns of the fluorescent substances disposed in the rows 
and columns of the fluorescent substances intersecting or 
obliquely intersecting each other so that the R , G, B 
fluorescent substances and the non-emitting portion 
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constitute a minimum unit of a pixel for displaying an color 
image, and the image display surface is composed of a 
multiplicity of the pixels disposed continuously. Further, 
the spacers are abutted against the face plate at the non- 
emitting portions in the pixels, and 

a voltage is applied to the electron-emitting devices, which 
irradiate electrons to the fluorescent substances adjacent 
to each other in the row direction across the non-emitting 
portions against which the spacers are abutted of the non- 
emitting portions in the pixels in such a manner that the 
direction in which the voltage is applied is inverted at 
least on both the sides of the portions where the spacers 
are abutted so that the directions in which the voltage is 
applied face each other across the spacer abutting portions 
in the row direction. Accordingly, a spacer alignment 
allowance can be increased in the flat type image display 
apparatus that requires the spacers , from which an advantage 
can be obtained in that the image display apparatus can be 
easily manufactured. 

[0213] Further, since the spacer abutting portions can be 
disposed inconspicuously, there can be obtained an advantage 
that the image display apparatus having high display quality 
can be obtained. 

[0214] Further, it is not necessary to reduce the areas of 
the fluorescent substances even if a sufficient allowance is 
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provided when the spacer abutting portions are aligned, 
thereby an advantage can be obtained in that the brightness 
of the image display apparatus is increased. 
[0215] 

[Advantages] As described above, according to the present 
invention, the electron-emitting devices can be mounted very 
densely on the flat type image display apparatus having the 
spacers at low cost, and the image display apparatus can 
display an image of high quality. 
[0216] 

[Brief Description of the Drawings] 

[FIG . 1] FIG. 1 is a sectional view of a flat image display 
apparatus using conventional cold cathode devices . 
[FIG. 2] FIG. 2 is a view showing a fluorescent surface of 
the flat image display apparatus using the conventional cold 
cathode devices . 

[FIG. 3] FIG. 3 is a view showing a fluorescent surface for 
disposing spacers of the flat image display apparatus using 
the conventional cold cathode devices . 

[FIG. 4] FIG. 4 is a view showing a method of joining 
conventional spacers to the inner surface of a face plate. 
[FIG. 5] FIG. 5 is a view showing an example of a 
conventional surf ace- conduction emission type electron- 
emitting device. 

[FIG. 6] FIG. 6 is an enlarged view of an image display 
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surface showing pixels of an image display apparatus of a 
first embodiment of the present invention. 

[FIG. 7] FIG. 7 is a view showing the image display surface 
of the image display apparatus of the first embodiment of 
the present invention. 

[FIG. 8] FIG. 8 is a partially cutaway outer perspective 
view of the display panel of the image display apparatus as 
the first embodiment of the present invention. 
[FIG. 9] FIG. 9(a) is a plan view of a flat surface- 
conduction emission type electron- emitting device used in 
the first embodiment, and FIG. 9(b) is a sectional view 
thereof . 

[FIG. 10] FIG. 10 is a sectional view showing manufacturing 
processes of the flat surface-conduction emission type 
electron-emitting device. 

[FIG. 11] FIG. 11 is a view showing the waveform of a 
voltage applied in forming processing. 

[FIG. 12] FIG. 12(a) is a view showing the waveform of 
voltage applied in activation processing, and FIG. 12(b) is 
a view showing the change of a current Ie discharged in the 
activation processing. 

[FIG. 13] FIG. 13 is a sectional view showing a step 
surface-conduction emission type electron-emitting device 
used in the first embodiment. 

[FIG. 14] FIG. 14 is a sectional view showing manufacturing 
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processes of the step surf ace -conduction emission type 
electron-emitting device. 

[FIG. 15] FIG. 15 is a graph showing the typical 
characteristics of the surface-conduction emission type 
electron-emitting device used in the first embodiment. 
[FIG. 16] FIG. 16 is a plan view showing a substrate of a 
multi electron source used in the first embodiment. 
[FIG. 17] FIG. 17 is a partial sectional view of the 
substrate of the multi electron source used in the first 
embodiment . 

[FIG. 18] FIG. 18 is a sectional view of the image display 
apparatus of the first embodiment of the present invention. 

[FIG. 19] FIG. 19 is a view explaining the correspondence 
between the electron-emitting devices and the image display 
surface of an image display apparatus of a second embodiment 
of the present invention. 

[FIG. 20] FIG. 20 is a sectional view of the image display 
apparatus of the second embodiment of the present invention. 
[FIG. 21] FIG. 21 is a view showing an image display 
surface of an image display apparatus of a third embodiment 
of the present invention. 

[FIG. 22] FIG. 22 is a view showing an image display 
surface of an image display apparatus of a fourth embodiment 
of the present invention. 

[FIG. 23] FIG. 23 is a block diagram showing a multi 
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function image display apparatus using an image display 
apparatus as an embodiment of the present invention. 
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FIG. 6 

R: RED FLUORESCENT SUBSTANCE 
G: GREEN FLUORESCENT SUBSTANCE 
B: BLUE FLUORESCENT SUBSTANCE 

FIG. 11 

A) Forming power supply 

B) Output voltage 

C) Time 

FIG. 12 
(a) 

A) Activation power supply 

B) Output voltage 

C) Time 

(b) 

A) Emitted current 

B) Completion of energization activation 

C) Time 

FIG. 15 

Device current If 
Device voltage Vf 
Emitted current Ie 
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FIG . 16 

Spacer portion 
FIG. 23 

2100/ DISPLAY PANEL 

2101/ DRIVING CIRCUIT 

2102/ DISPLAY PANEL CONTROLLER 

2103/ MULTIPLEXER 

2104/ DECODER IMAGE MEMORY 

2105/ I/O INTERFACE CIRCUIT 

2107/ IMAGE CREATION CIRCUIT 

2108/ IMAGE INPUT INTERFACE CIRCUIT 

2109/ IMAGE INPUT INTERFACE CIRCUIT 

2110/ IMAGE INPUT INTERFACE CIRCUIT 

2111/ IMAGE INPUT INTERFACE CIRCUIT 

2112/ TV SIGNAL RECEIVING CIRCUIT 

2113/ TV SIGNAL RECEIVING CIRCUIT 

2114/ INPUT UNIT (KEYBOARD, MOUSE, ETC.) 

A) TV SIGNAL (RADIO TRANSMISSION SYSTEM) 

B) TV SIGNAL (CABLE TRANSMISSION SYSTEM) 

C) IMAGE INPUT DEVICE (TV CAMERA) 

D) IMAGE MEMORY (VTR) 

E) IMAGE MEMORY (VIDEO DISK) 

F) IMAGE MEMORY (STILL IMAGE DISK) 
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G) COMPUTER NETWORK 

H) PRINTER 
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